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ABSTRACT
In 2019, the United Nations Children’s Fund (UNICEF) estimated the global
number of children under the age of 5 without birth registrations at 166 million, with the
largest share being present in Sub-Saharan Africa. As the author witnessed firsthand
while working in Cameroon, the lack of birth registration documentation (i.e. birth
certificates) precluded students from progressing from primary to secondary education.
Struck by this example of social exclusion, the purpose of this study was to examine the
extent to which birth registration acted as a barrier to educational access in primary and
secondary education systems elsewhere across Sub-Saharan Africa. An interdisciplinary
conceptual framework revealed a gap in academic literature with only a few studies
having explored the relationship between birth registration and access to education in a
regional context. This study filled such gap by advancing an innovative explanatory
spatial mixed methods research design to analyze secondary data from UNICEF and the
United Nations Educational, Scientific, and Cultural Organization (UNESCO). This
unique design consisted of an initial quantitative multiple regression analysis followed by
a spatial autocorrelation analysis, using geographic information systems (GIS), to explain
the geography of the initial results.
Results from this pragmatic research approach, outlined in a journal-article
dissertation format, were intended to be made useful for researchers and policymakers
alike. Noteworthy for the former audience, the quantitative strand found that while birth
registration was not a significant predictor of access to education at any level of
schooling, there were significant effects of gross domestic product (GDP) per capita and
rurality on educational access (Article #1). For the latter readers, choropleth maps of birth
registration revealed some areas of neighboring countries with similar levels of low
registration despite the absence of statistical clustering. However, access to education
demonstrated statistically significant cluster patterns (p<0.05) at the primary and lowersecondary levels, offering organizations like UNICEF and UNESCO noteworthy findings
that could better inform policy interventions (Article #2). Finally, the author integrated
both data strands using a multivariate cluster analysis in the ArcGIS platform, providing a
compelling argument for the use of spatial mixed methods in educational policy research
(Article #3).
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CHAPTER 1: INTRODUCTION
1.1. Setting
Imagine for a moment that you are a 13-year old student in Cameroon’s austere
Far North Region looking to escape an area plagued with violence from the Boko Haram
conflict. You believe that an education will be your ticket to prosperity, so you work
tirelessly during primary school and are one of the highest achievers in your class. Then,
as you try to sit for the primary school exit exam, or the Certificat d’Études Primaires,
you are sent home because you do not possess a birth certificate (Civil Registration
Centre for Development, 2011; Kindzeka, 2017). Your opportunity to continue formal
schooling evaporates. Sadly, vulnerable populations beyond the conflict-affected region
of Northern Cameroon also face scenarios like this. Consider the case of an interviewee
in Crush and Tawodzera's (2014) study, who was unable to enroll her daughter in school
after fleeing to South Africa from Zimbabwe. Like many other asylum seekers, she had
been unable to secure a birth certificate in Zimbabwe prior to her departure from the
country’s crisis conditions. Then, recognizing her daughter’s diminishing pathway to
further education without such document, she admitted that she could not afford to return
for one even if she was willing to risk her safety to do so. In both cases, the cost of
bureaucratic exclusion from the education system was the future of a vulnerable child.
1.2. Problem Statement
According to the United Nations Children’s Fund (UNICEF), an estimated 237
million children under age 5 do not have a birth certificate worldwide and one in four are
not registered (Selim, 2019). It is widely recognized that a registered birth and the
1

possession of corresponding birth certificate documentation establishes the basis for an
individual’s officially recorded identity, which then connects them to a number of legal
rights and social benefits (Appell, 2014; Dunning et al., 2014; Hunter, 2019). Pelowski et
al. (2016) argue that these processes impose major challenges in developing countries,
where low registration levels have been attributed to a lack of administrative
infrastructure and a variety of sociocultural factors. It is problematic when access to basic
services, ranging from education to healthcare, is contingent upon birth registration
and/or the possession of a birth certificate (Brewer et al., 2015). This is especially the
case when the state fails to provide a functioning civil registration system or deliberately
excludes some of its inhabitants from acquiring their rightful legal identity, as was the
case in many African countries throughout the 20th century (International Institute for
Vital Registration and Statistics, 1988). In other words, birth registration systems
emplaced by colonizers decades ago still act as a barrier to legal identity formation and
its subsequent benefits (Johnston et al., 2000).
Globally, birth certificates often act as mechanisms for social exclusion, denying
children the legal documentation necessary to access state benefits and services (Chereni,
2017). With their births unregistered by the state, millions of “missing” children remain
“hidden in plain sight,” or bureaucratically invisible from state institutions (Ajmera &
Fields, 2016; Sumner, 2015). Education is one sector of society where exclusion, via
missing birth certificates, is particularly problematic, as it can prevent children from
entering school systems, progressing between levels, or from exiting with a credential
(Hunter, 2019). This was evident in the Dominican Republic, where Corbacho et al.
(2012) found that the absence of birth registrations translated to fewer years of
2

educational attainment. It has been unclear the degree to which cases like this and the
introductory examples from Cameroon and South Africa are reproduced at scale. Without
this understanding, one could reasonably assume that the lack of birth certificates could
be a factor in the United Nations Educational, Scientific, and Cultural Organization
(UNESCO)’s estimation of over 260 million children that were out of school in 2016
(United Nations Educational, Scientific and Cultural Organization, 2018). Consequently,
disenfranchised youth, excluded from society en masse, could plausibly offer a recipe for
social unrest or violent conflict, particularly if concentrated in geographical areas already
strained by weak governance, post-colonial tension, or large degrees of human migration.
1.3. Purpose Statement
The purpose of this study was to examine the extent to which birth registration
hinders educational access in primary and secondary education systems across SubSaharan Africa. This region is home to a number of conflict-affected fragile states, or
those impacted by conflict, income disparity, political instability, and/or on-going state
fragility (Dryden-Peterson, 2009). These countries’ education systems are susceptible to a
range of institutional barriers to quality schooling, from individual- and group-level
characteristics, like nationality (Buckland, 2011) or gender (Lloyd et al., 2005) to
systemic inequalities in curriculum and pedagogy (Dryden-Peterson, 2009). Throughout
the available scholarly literature, an indicator of birth registration is a notable absence
from this list of barriers to educational access – an omission I intended to inspect through
empirical research. Modifying one of Creswell and Plano Clark's (2018) mixed methods
research designs, I employed an explanatory spatial study design. In this technique, I
3

analyzed quantitative data first before explaining the results with a cross-country spatial
analysis. In the first phase, I employed quantitative data, obtained through the UNICEF
and UNESCO data warehouses, to measure the relationship between birth registration
and educational access. In the second phase, I investigated each variable independently,
using a spatial analysis method, to determine if there were any geographic patterns in
their distribution across the study area.
I was particularly interested in the process of addressing these variables through
the employment of both statistical and spatial relationships. While quantitative methods
can illuminate the strength of relationships between variables, spatiality is a tremendously
valuable approach for understanding if there are relationships in how they are distributed
(McGrew Jr. et al., 2014; Starr, 2003). Additionally, a regional analysis can sometimes
uncover spatial relationships better than a global sample because large-N studies often
ignore spatial variations (Østby et al., 2009). As such, my study uses Sub-Saharan Africa
as the sample region to explain the factors connecting birth registration and educational
access. Comparatively, Africa stands out among other regions in both of these variables
of interest within this study. Sub-Saharan Africa accounts for nearly 60% all children
under the age of 5 whose births are not registered, which is higher than any other region
(United Nations Children’s Fund, 2019e). The region also lags behind others in literacy
rates and net attendance rate of primary school (Roser & Ortiz-Ospina, 2016). Given that
spatial dependence of social phenomena, or clustering, has been shown to be strongly
present in Africa, the spatial context could enable researchers, practitioners, and
policymakers to better understand how the study’s variables pertain to inter- and intrastate distributions (O’loughlin & Anselin, 1991).
4

1.4. Significance
This study contributed to academic literature from both a topical and a
methodological standpoint. On the topics of birth registration, legal identity formation,
and education, it builds on the only two studies examining these interconnected
relationships in depth. Corbacho et al. (2012) revealed the impact of birth registration on
education attainment in the Dominican Republic and Apland et al. (2014) conducted a
mixed methods analysis of birth registration and access to services (education and health)
across cases in Sierra Leone, Vietnam, Kenya, and India. Influenced by these quantitative
analyses, my study expanded the geographical scope to explore the possibility of regional
trends linking these variables. Even similar studies focusing on birth certificate rates and
social exclusion in Africa arose primarily from South Africa (Hlatshwayo & Vally, 2014;
Jewkes & Wood, 1998; Porteus et al., 2000) or Nigeria (Akomolafe et al., 2019;
Anaduaka, 2020; Makinde et al., 2016). I sought to be the first to examine the
intersection of legal identity and education by combining the quantitative approaches
found within many of these studies with a geographic information systems (GIS) analysis
technique. In doing so, I added a rigorous cross-continental analysis to the slowly
developing body of interdisciplinary literature advancing spatial mixed methods in
empirical research (Frels et al., 2011; Harbers & Ingram, 2017).
The stakes of this research are high. Inequalities in the provision of education and
barriers to accessing the education system are both considered to be factors fueling
conflict or perpetuating it in conflict-affected fragile states (Burde et al., 2017; DrydenPeterson, 2009). Across the world, examples of a complex relationship between
education and conflict are aplenty (Brock, 2011; Davies, 2003; King, 2011). Østby et al.
5

(2019) identified 42 quantitative studies between 1996 and 2016 that tested the
relationship between various educational factors, as independent variables, and political
violence or conflict measures, as dependent variables. Many of these studies analyzed
global samples (Elbakidze & Jin, 2015; Hegre et al., 2013; Lange, 2012). The problem
with this macro-level approach to investigating the education-conflict relationship is that
it prioritizes generalizable findings over sub-regional conclusions, which are likely full of
nuance. Additionally, only one of the studies (Barakat & Urdal, 2009) focused on an
aggregate educational exclusion measure (low educational attainment) and none of the
studies examined individual barriers to educational access, such as birth registration rates.
Uncovering these unique differences could enable organizations, like UNICEF, to take
more targeted actions when addressing the problem of conflict-inducing social
inequalities.
I will deem this dissertation a success if it eventually leads, directly or indirectly,
to even just one more child with a birth certificate or a secondary school diploma in hand.
As part of the United Nations’ Sustainable Development Goals 4 and 16, the
intergovernmental organization is striving to ensure inclusive/equitable quality education
and provide legal identities, including birth registrations, for all by 2030, respectively
(United Nations Children’s Fund, 2017). As of 2019, UNICEF estimates that 166 million
children under age 5 have never been recorded (United Nations Children’s Fund, 2019e).
If my study can illuminate the extent of this problem, spatially, then it might enable
organizations like UNICEF to re-examine their policies of resource distribution.
Additionally, this study has the potential to benefit policymakers and researchers
simultaneously. As my conceptual framework in Chapter 2 suggests, there are many
6

direct and indirect consequences of social exclusion. The scholarly implications of this
research will extend to disciplines across the social sciences, including fields like
postcolonial studies or conflict studies. Investigating the conditions accompanying social
exclusion is a key to reducing the growing chasm between the ‘haves’ and ‘have nots’
across Sub-Saharan Africa (Tikly, 2001).
1.5. Dissertation Outline
Addressing the problems of under-registration and educational exclusion in SubSaharan Africa required a well-articulated research approach in pursuit of clear and
noteworthy findings. This dissertation achieved these objectives and the following
chapters will guide readers through them, from a comprehensive literature review through
a summative review of its key findings. Chapter 2 and Chapter 3 will provide the context
for this study by situating it among prior research and describing its unique explanatory
spatial research design, respectively. In Chapter 2, I trace the theoretical and empirical
underpinnings of my study using a conceptual framework and highlight gaps in scholarly
literature on my topic. Specifically, I shed light on the small body of literature covering
the relationship between birth registration and educational access as well as the need for
innovative spatial designs in social science research. In Chapter 3, I provide a
comprehensive explanation of the explanatory spatial research design, including the sixstep process that I employed to analyze secondary data from UNICEF and UNESCO with
multiple regression and spatial autocorrelation tests. In doing so, Chapter 3 concludes by
giving readers confidence that the results were gained in a transparent, rigorous, valid,
and reliable manner.
7

The results of this study are spread over three independent journal articles in
Chapters 4, 5, and 6. Each journal article represents a different strand in the sequential
research design – the quantitative analysis, spatial analysis, and mixed methods
integration components, respectively. From a written flow perspective, I find it important
to note that these articles were designed to be standalone products, as I intend to submit
them individually for publication in academic journals at a later date. As such, you may
notice during the mixed methods article that Griffin (2021a) refers to Chapter 4 and
Griffin (2021b) refers to Chapter 5 of this dissertation. Although these two former
chapters are presented in a traditional research format (e.g. overview/literature review,
findings, discussion, etc.), the mixed methods article (i.e. Chapter 6) was written with
specific formatting for The Journal of Mixed Methods Research to advance the idea of an
explanatory spatial mixed methods design (Fetters & Freshwater, 2015). Together, these
articles produce a cohesive argument for the use of explanatory spatial designs while
highlighting birth registration and its relationship with educational access in Sub-Saharan
Africa as a case study.

8

CHAPTER 2: LITERATURE REVIEW
2.1. Introduction
This chapter is designed to critically examine and identify gaps in the available
scholarly literature on the interrelated topics of birth registration, legal identity, access to
education, and the reproduction of social phenomena over space (Pan, 2016). I synthesize
existing literature and theory to show how birth registration processes can be
problematized in post-colonial Sub-Saharan Africa. I also rely on theoretical constructs to
demonstrate the consequences of such ongoing reproduction of social processes, where
individuals are excluded from state services at scale. Both the problem and the
consequences have sufficient theoretical backing to help readers understand the context
behind my study. The gap between them, however, is the limited body of empirical
research testing relationships among variables of legal identity (e.g. birth registration)
and state services (e.g. access to education). This gap will become apparent in the
following section, which shows the rationale behind my conceptual framework for the
study. In the subsequent sections, I will present literature that highlights the relationships
between (a) birth registration and legal identity, (b) legal identity and access to state
services, and (c) access to state services and various democratic or economic outcomes.
This chapter will conclude by examining the spatial nature of these relationships with
prior research that shows how social phenomena can become geographically distributed.
Combined, these sections will lay the foundation for the next chapter, where I will tie
these literature-supported relationships to the methodological decisions for this
dissertation.
9

2.2. Conceptual Framework
Researchers often employ conceptual frameworks to help critically examine each
component idea and/or theory that they will test throughout a study (Maxwell, 2013).
Conceptual frameworks are pragmatic “navigational devices” because they guide the
researcher through complex human behaviors to credible, theory-based results (Evans et
al., 2011). They can be employed in narrative or graphical form; either way, they present
the presumed relationships between the key variables or constructs in the study (Miles et
al., 2013). Using the narrative format to conceptualize the relationship between
globalization and education in the postcolonial world, Tikly (2001) was able to focus
specifically on the management of exclusion in Sub-Saharan Africa. This framework
highly influences my study, although I find it more useful to employ a graphical
framework to untangle a complex string of micro-relationships between birth registration,
legal identities, and educational access.
Tikly (2001) provided a foundational example for framing themes together across
disciplines to uncover the economic, political, and cultural dimensions of exclusion in
education systems throughout Sub-Saharan Africa. Primarily driven by the forces of
globalization, his essay highlighted a general commonality in the experiences among
postcolonial, low-income countries. These experiences exposed two conditions that drove
my interest on the topic of educational access in the region. First, he argued that the
highly-selective and elitist colonial education structures, opportunities, and forms of
schooling have been resistant to change over time. These education systems have
remained exclusive over time, and, shaped by globalization, have crystalized the colonial
order of limited opportunities for social mobility. This is why I hypothesized that colonial
10

educational or social structures, like birth registration, could be spatially clustered along
post-colonial boundaries. Second, he described how out-of-school youth, often in urban
settings, have displayed a despondency with their education systems. As a result, he
argued for widened access across all educational levels if these colonial exclusion
structures are to change. Thus, not only is Tikly’s framework useful from a theoretical
standpoint, but he also recognized the need to practically assess the lingering effects of
the colonial era.
The conceptual framework for this study (see Figure 2.1) adopts a complex
societal-systems approach to account for the complexity, interdependence, and
integration of prior research and theory (Marshall & Cole, 2014). Inspired by Gourevitch
(2008), I link together multiple theories across a range of academic disciplines to produce
a fuller account of the issue at hand. By doing so, a Western researcher, like myself, can
construct a meaningful and possibly catalytic study, while avoiding the misrepresentation
and exploitation of the countries whom I hope to serve (Andreotti, 2011; Vanner, 2015).
Drawing from postcolonial theory in education and sociology, I address the significance
of birth certificates in individuals’ identity formation processes. Drawing from a
structural functionalism theory in international relations, I highlight societal functions of
education and pose the possible implications of this study. Drawing from human
geography, I review the concept of spatial distribution to show how social phenomena
can be replicated at scale. Together, the relationships described across this
interdisciplinary conceptual framework reveal a gap in academic literature with only a
few studies having come close to exploring the relationship between identity formation
processes and access to education in a regional context.
11

Figure 2.1 Conceptual Framework

2.3. Birth Registration and Identity Formation
An individual’s first interaction with the state is often the official recording of
their birth (Bequele, 2005). The lasting benefits of this crucial moment range from the
ability to travel in and outside of one’s home country (Hunter, 2019) to accessing basic
public services, like the healthcare system (Bennouna et al., 2016). In addition to being
excluded from state structures, the millions of people across the world without birth
certificates could also be facing damaging psycho-social effects (United Nations
Children’s Fund, 2013c). According to Hegel’s model of recognition, people have a
fundamental need for recognition and their identity is dependent upon recognition by the
“other” (Greenhill, 2008; Honneth, 1996). Employing the critical lens of postcolonialism,
12

the following sections examine how birth registration systems emplaced by colonizers
still act as a barrier to legal identity formation processes. This section of the literature
review will cover the first relationship in my conceptual framework, which is between
birth registration and legal identity formation. Statistical evidence will convey the scope
of birth registration as a global and regional problem while postcolonial theory will frame
the theoretical concerns of such staggering systemic failures.
2.3.1. Birth Registration

Birth registration, the key independent variable of this study, is the starting point
from which I will trace a linear sequence of events in one’s lifetime throughout my
conceptual framework. Birth registration is an official and permanent process that
establishes an individual’s existence based upon the legal requirements of his or her
country (Selim, 2019; United Nations Children’s Fund, 2019e). According to the United
Nations Convention on the Rights of the Child (CRC), it is a fundamental human right
and it provides the foundation for other rights of the child, ranging from the right to a
name and nationality to the right to be free from economic and social exploitation
(Todres, 2003; United Nations Children’s Fund, 2005). An implicitly related human right
is the issuance of a birth certificate, which is the outcome of birth registration processes
and is often conducted by a government authority, like a civil registrar (Gerber et al.,
2011; Selim, 2019; United Nations Children’s Fund, 2019e). This study focuses primarily
on the birth registration process because the standard indicator for country-level birthrelated statistics is the percentage of children under age 5 with a birth certificate or whose
birth was registered by civil authorities (United Nations Children’s Fund, 2019e).
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In its ongoing monitoring of Sustainable Development Goal 16.9 (United Nations
Children’s Fund, 2018a), the United Nations has produced the most comprehensive,
global birth registration figures to date. Reporting on this goal, two key documents from
the United Nations Children’s Fund (UNICEF) enable researchers, policymakers, and
other audiences to examine trends in birth registration data throughout the most recent
decade, the 2010s. In its 2013 report, Every child’s birth right: Inequities and trends in
birth registration, the UN reported nearly 230 million children under age five that did not
have their births registered by civil authorities. In its 2019 report, Birth registration for
every child by 2020: Are we on track?, the global number of children without birth
registrations improved, as the figure reduced to 166 million. Despite governments’
successful efforts to influence this trend by improving civil registries and reducing cost
barriers, some regions still lag behind (United Nations Children’s Fund, 2019e).
Presenting these trends by region, UNICEF showed that the areas with the lowest average
percentages of children with birth registrations in 2013 were Eastern/Southern Africa
(38%), South Asia (39%), and West/Central Africa (47%) (United Nations Children’s
Fund, 2013c). In 2019, these same regions witnessed the lowest birth registration values,
although South Asia rose sharply to 70% while West/Central Africa and
Eastern/Southern Africa only increased to 51% and 40%, respectively (United Nations
Children’s Fund, 2019e). The fact that sub-Saharan Africa fell so far behind other regions
makes it an interesting case region for research and there could be a few factors behind
this trend.
Scholarly literature covering the topic of global birth registrations is not
tremendously robust, unlike literature surrounding the other UN Sustainable
14

Development Goals (e.g. climate action, income inequality, etc.). In fact, there are few
analyses beyond the aforementioned UNICEF reports that even provide macro-level
studies of birth registration trends (Bhatia et al., 2017, 2019). Publications on the birth
registration topic generally fall into one of three broad areas. First, there is a body of
literature seeking to improve the quality and accessibility of civil registration systems’
data globally (Mikkelsen et al., 2015; Mills et al., 2017; Suthar et al., 2019; World Bank
& World Health Organization, 2014). In 2007, The Lancet journal published a series of
articles calling for improvements to vital statistics processes, including births, birth
registrations, deaths, and causes of death (AbouZahr et al., 2007; Hill et al., 2007;
Mahapatra et al., 2007). As the UNICEF data above suggests, however, over one hundred
million children are still “invisible,” without a trace of any legal record (Setel et al.,
2007). After comparing birth registration data since 1980 to estimates of fertility, Phillips
et al. (2018) suggest there are also still gaps in the quality, timeliness, and availability of
birth registration systems’ data, especially in low- and middle-income countries. Even the
UNICEF reports (2013b, 2019) suggest that household surveys are the key source for
data monitoring due to unreliable administrative records across countries. I will discuss
some of these gaps and my plans to mitigate such data-related limitations in the next
chapter.
The second category of literature focuses on the barriers to birth registration and
the provision of birth certificates. Despite varying birth registration rates by world region,
examples of barriers can be found across all corners of the world. In Latin America, SubSaharan Africa, and in Indonesia, research points to a combination of high fiscal costs of
procurement (relative to each country) and the opportunity costs of far travel distances to
15

civil registrars as the greatest barriers to birth registration (Duff et al., 2016; Hunter &
Brill, 2016; Issa & Mgaya, 2018; United Nations Children’s Fund, 2017). Examples of
quality issues (e.g. completeness, process bottlenecks, etc.) in civil registration service
provision range from Indonesia to New York State (Bennouna et al., 2016; Melnik et al.,
2015). In Brazil, China, and Latin America, demographic characteristics of marginalized
families, ranging from indigenous peoples and ethnic minorities to low-income
populations, correlated with low percentages of birth registration (Hunter & Sugiyama,
2018; Li et al., 2010; Mackenzie, 2008). In Ghana, these percentages were lowest in
children who were born at home (due to rurality), whose mothers were young (15-19
years old), and whose families were in the poorest wealth quintiles (Dake & Fuseini,
2018). Given this myriad of challenges in receiving birth certificates, it might not be a
surprise, then, that those left behind by these barriers are faced with a number of lifelong
consequences.
The third and final broad category of literature covers the relationship between
birth registration, legal identity, and access to various social services. This perspective
focuses on the output of the birth registration process, or legal identity, which
subsequently affords individuals with rights and entitlements according to their country’s
national laws (Apland et al., 2014; Mackenzie, 2008). This category also emphasizes the
significant negative effects on those who are socially excluded by their lack of birth
registration (Harbitz & Tamargo, 2009; Jeong et al., 2018). Some publications
specifically refer to birth registration as, “a passport to protection,” because it is the first
step in legal recognition, which is the essential mechanism that secures their other human
rights (Cappa et al., 2014; United Nations Children’s Fund, 2013b). My dissertation is
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intended to reside within this greater body of studies by focusing on the consequences of
low birth registration instead of the barriers one faces during the acquisition process.
Later in this literature review, I will review the specific publications associated with birth
registration’s associated benefits, like healthcare and education. Taking a step back,
however, it is critical to review the concept of legal identity, because that is the specific
legal means to guaranteeing and protecting an individual’s human rights (Office of the
United Nations High Commissioner for Human Rights, 2014).
2.3.2. Legal Identity
Possessing a birth certificate provides individuals with a means to claim state
benefits, but it is their legal identity that actually confers such rights (Apland et al.,
2014). That is not to diminish the role of the birth certificate, as it is a “breeder”
document that is often used for other forms of identification, like driver’s licenses or
passports (Office of the United Nations High Commissioner for Human Rights, 2014;
United Nations Children’s Fund, 2013b). This relationship is illustrated in my conceptual
framework by an arrow pointing from birth registration to legal identity. Legal identity
formation is critical for empowerment in the modern world by acting as a mechanism for
socio-economic mobility, personal development, and sense of belonging (Hunter, 2019).
In many developing countries, access to legal identities is not equal and the imposition of
identity documentation for social services purposes can even create a dangerous demand
market that excludes marginalized populations (Vandenabeele & Lao, 2007). In fact,
evidence from Bolivia, Ecuador, and Guatemala suggests that the lack of legal identities
was an aggregating factor for social, economic, and political exclusion (Harbitz &
Tamargo, 2009). In a powerful statement illuminating this point, Dunning et al. (2014)
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argued, “…it is no accident that those lacking birth registration and legal identity are
typically the most vulnerable people in the poorest countries” (p. 3). Through a critical
post-colonial theory lens, one can see how the legacies of colonization in Africa have
made this problem no accident.
Postcolonial theory is a lens through which one can critically examine the impact
of the West’s chaotic and traumatic historical attempts to transform other societies in a
vain of modernity (Amoko, 2013). Furthermore, today’s political economies of formerly
colonized states are examples where systemic inequalities in the present are a reflection
of colonial rule in the past. This is worrisome for the integrity of birth registration
processes as, “…the conferral of and benefits from various instruments of legal identity
are contingent upon the political economy of countries…” (Ladner et al., 2014). Over 20
years ago, UNICEF acknowledged the leftover structures of colonial governments and
their lasting effects on civil registration systems, which did not even register indigenous
populations in some Sub-Saharan countries (United Nations Children’s Fund, 1998).
Therefore, decolonization processes, which focus on the long-term divestment of colonial
power, must take a critical look at these type of government instruments (L. T. Smith,
2012). Postcolonial theory, especially when applied in education research, creates the
conditions for non-coercive relationships with the excluded ‘Other’ populations of the
Global South (Andreotti, 2011; Gandhi, 1998). Combine the theory with a Hegelian
(1977) concept of identity and recognition of/by the other and it becomes conceivable
that the legal identities granted through birth registration are still coercive legacies of
colonial bureaucracy.
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In theory, legal recognition is based upon a minimum commonality of people,
placing humans on a level playing field across legal systems that administer their
universal interests equally (Douzinas, 2002). A postcolonial lens tells otherwise. From
this perspective, one can see how the history of civil registration and legal personhood is
rooted in systems emplaced by those in power, who then used such power to construct or
withhold the identities of others (S. Q. Jensen, 2011; Szreter & Breckenridge, 2012). In
this sense, non-recognition, often a characteristic of colonial subjects (International
Institute for Vital Registration and Statistics, 1988), represents a form of harm that has
uncompromising consequences in a postcolonial aftermath (Villet, 2011). These
consequences can range from the denial of social services (e.g. public education) – the
key problem within the scope of my study – to damaging psychological effects, like
diminished self-worth (Hopkins & Blackwood, 2011). Skovdal and Andreouli (2011)
describe identity as, “…socio-psychological process of positioning oneself in relation to
others,” which is consistent with Hegel’s intertwined concepts of self-consciousness and
human need for recognition (Hegel, 1977). This was a major influence behind my study,
as I pondered if there are groups of people, arrayed across the formerly colonized states
of Sub-Saharan Africa, that are today powerless in their identity positioning process.
In addition to recognizing lasting systems of power found in identity processes,
postcolonial theory offers researchers with a lens for other critical analyses. One of those
is literary criticism, which builds on Edward Said’s work on false images of the Orient
(Hamadi, 2014; Said, 1978). Said argued that certain texts, especially in academia and
government, are given certain authority and legitimacy and should therefore be critically
examined through discourse analysis (Andreotti, 2011; Said, 1978). Applied here, the
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very UNICEF (2019) report that I have relied upon to cite global birth registration figures
also contains a fascinating first sentence when considered from a postcolonial lens. It
states, “Society first acknowledges a child’s existence and identity through birth
registration” (p. 6). In placing such a weight to birth registration as the guarantor of
identity, even UNICEF fails to recognize other powerful forms of identity, like that
granted by being a member of a family (Douzinas, 2002; Hegel, 1910). This critique
should not diminish UNICEF’s tireless work in the field. Rather, it is to make the point
that even such an entity can unintentionally convey hegemonic and Eurocentric values
through discourse. If that is possible, then so is the idea that birth registration in Africa,
which originated with colonial administrations, can be fostering marginalization and
vulnerability at scale (Bequele, 2005).
2.4. Legal Identity and Access to State Services
The second relationship depicted in my conceptual framework represents key
contextual variables for this study, such as the connection of legal identity with access to
state services. As Hunter (2019) argues, proof of one’s legal identity is an essential
mechanism for social inclusion, meaning we should expect an inverse relationship
between increases in birth registrations and decreases in marginality. This is the case
because the absence of a legal identity is an impediment to an individual’s capacity to
access state benefits (Bhabha, 2011). In fact, providing legal identity documentation
(Sustainable Development Goal 16.9) is often a required stepping stone to at least 10
other SDGs, giving those left behind with a number of legal, social, and/or economic
disadvantages (Dahan & Gelb, 2015a). Bhabha (2011) argues that people in those
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marginalized situations are suffering from a form of twenty-first-century statelessness,
where they are bureaucratically precluded from accessing their legitimate claims to
services. Birth registration, as one measure of legal identity, has been described as a
child’s key to unlocking these state benefits, which can ultimately make their lives safer
and more successful (Baron, 2012). In this dissertation, I am seeking to understand how
many millions of doors to opportunity remain locked as a result of Sub-Saharan Africa’s
post-colonial education systems.
Before proceeding with this research aim, it should be noted that empirical
research – whether in the existing studies outlined below or in my study – relies upon
measurement and observation (Galvan & Galvan, 2017). Unfortunately, legal identity is a
complex social process that is often hard to measure with existing data indicators (Dahan
& Gelb, 2015a). In fact, Oppenheim and Powell (2015) argue that many national and
international actors (e.g. UNICEF, USAID, etc.) are still trying to determine how to
accurately and effectively measure legal identity even despite the acknowledgement that
it is such a critical human right that avails social benefits to individuals. Birth registration
stands out as the most common indicator that these actors can use to evaluate progress
against goals of universal legal identity within countries (Dahan & Gelb, 2015a;
Oppenheim & Powell, 2015). For this reason, I created a shaded box around birth
registration in my conceptual framework. This is to show that birth registration is both a
step in the legal identity process and an indicator that will be used to represent legal
identity in its relationship (or lack thereof) with access to state services, such as
education. In other words, while it is legal identity that confers one’s right to benefits, it
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is the relationship between birth registration and access to education that will enable me
to test the strength of such conferral across my study.
As mentioned earlier, my study will be situated within the small body of empirical
studies covering various social outcomes resulting from birth registration. In 2009,
Harbitz and Boekle-Giuffrida (2009) posited that legal identity documentation was a
seldom-discussed subject among scholarly literature. Nearly a decade later, their
argument stands. Most of the academic studies pertaining to birth registration outcomes
have emphasized various health factors. At the systems level, Phillips et al. (2015) found
that improvements in civil registration and vital systems, which includes birth
registration, coincided with improved health outcomes in terms of healthy life
expectancy, maternal mortality ratio, and child mortality risk. Other studies showed a
negative relationship between birth registration and undernutrition, as unregistered
children had lower height/weight z-scores and lower scores on the Early Childhood
Development Index (Comandini et al., 2016; Jeong et al., 2018). In another study, a lack
of birth certificates also correlated with fewer vaccines among children without such
documentation (Brito et al., 2017). Even qualitative evidence from indigenous
populations in Northern Ontario showed how unregistered births disproportionally
affected health outcomes of marginalized populations in Canada (Sanders & Burnett,
2019). It is important to provide this context to show that birth registration is often part of
an integrated governance and legal system that protects and promotes children’s rights
(Apland et al., 2014). Therefore, if there is evidence that birth registration is correlated
with the various health services described above, then access to education could
presumably also be impacted by the same system(s) of state services.
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2.4.1. Birth Registration and Access to Education

There is a gap within academic literature in the relationships between birth
registration and educational variables, with very few studies investigating them in detail.
The menu of sources outlining the various healthcare rights associated with birth
registration does not extend in a similar manner when it comes to education. In fact,
Corbacho et al. (2012) and Apland et al. (2014) offer the only noteworthy studies that lay
the foundation for this subject altogether. The former was the first paper to identify the
missing research about the lack of legal identity and its impact on schooling outcomes.
The latter then followed suit with a detailed study on the relationship between birth
registration and social services, including mixed methods analyses covering access to
education and access to health services. Both of these studies, groundbreaking as they
were, came with limitations that have yet to be addressed in this small field of scholarly
inquiry.
Corbacho et al.’s (2012) study uncovered a negative effect of the lack of birth
registration on educational attainment, but it was too limited in scope to necessarily apply
to contexts beyond the Dominican Republic. With a limited scope, one cannot make
inferences as to the replicability of this phenomenon in other countries or regions beyond
the Caribbean. Their study justifies the need for additional research elsewhere, as their
multiple models yielded noteworthy and robust results about the effect of birth
certificates on total years of educational attainment. Studies in other contexts may be
valuable in assessing the validity of their claims about the causality in this relationship.
An additional limitation in their study is that readers cannot clearly identify the precise
point at which birth certificates become a barrier to attainment. In other words, their
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study was primarily outcome-based, emphasizing the fewer total grades of completed
education among 7-18 year old students without birth certificates than those with them.
Their emphasis on outcomes can be contrasted with their findings on access, where they
did not find any evidence that a lack of birth certificates affects students’ initial entrance
to the country’s education system. As this dissertation’s opening setting in Chapter 1
suggests, there are points in one’s educational journey besides initial school entrance
where birth registration can become a barrier (Kindzeka, 2017). I therefore argue that it is
critical to focus on educational access at each level of education (e.g. primary- and
secondary-education) to critically examine how birth registration might act as a barrier to
education.
Apland et al. (2014) built upon Corbacho et al.’s (2012) work with quantitative
analyses exploring the relationship between birth registration and access to education in
Vietnam, Kenya, Sierra Leone, and India. Like Corbacho et al., they identified a
significant lack of empirical research on this subject and they were interested in how birth
registration benefits or hinders children’s ability to access crucial state services. They
certainly advance the research on this topic, offering rigorous mixed methods studies
within the four aforementioned countries. While they do examine comparisons in birth
certificate requirements across each country’s educational systems, the study reads more
like four individual analyses than one comparative analysis. The multi-country study is a
step in the right direction for examining this issue on a grander scale, as they found that
students with birth registrations were more likely to be attending formal, age-appropriate,
education than those without. Little research has revisited this topic since these two
studies were published, so my dissertation aims to both build on their foundation within
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the field and become the first to offer a true comparative assessment across countries
within one region.
There is clearly a gap in the literature linking birth registration and access to
education together, meaning that the few existing studies, by Corbacho et al. (2012) and
Apland et al. (2014), will warrant extra scrutiny. The preceding paragraphs highlighted
the findings and limitations of each study, leaving one final gap found within their
respective methodologies. Corbacho et al. (2012) strictly used a quantitative, econometric
approach when examining birth registration and education in the Dominican Republic.
Although this may serve as a useful example for an in-depth, intra-country, study, it is too
deep in analysis for my aim of examining these relationships across a broader region.
Conversely, Apland et al. (2014) used a mixed methods research design (i.e. quantitative
and qualitative analyses) in their study of similar variables across four countries in
different corners of the globe. In this case, the study is too broad, as my focus on SubSaharan Africa as a region is a direct result of the staggering statistics presented earlier in
this chapter. In the latter case, however, Apland et al. (2014), provided a compelling use
of mixed methods research by emphasizing its benefits in terms of informing advocacy
and programming interventions. They do so by using the why and how associated with
qualitative research to provide further insight into their quantitative findings. In my study,
I replace the qualitative component with a spatial analysis to achieve a similar intent.
Without such empirical analysis, we are left only with theory to infer the consequences of
birth registration as a barrier to such vital social services.
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2.5. Access to Education and the Promise of Structural Functions
The relationship between birth registration and access to education binds together
two parenthetical associations within my conceptual framework. The first, discussed
above, describes the problem(s) associated with legal identity formation in a post-colonial
context. The second, presented below, depicts the implications should these problems
manifest at scale within and across countries. In this section, I argue that the existence of
barriers to individuals’ identity formation and progressive levels of education could
preclude individuals from a number of societal benefits. This argument is rooted in
theoretical consequences stemming from breakdowns among key social structures upon
which individuals depend for guaranteeing their needs. As Wendt (1987) famously argues
in his proposition of the agent-structure problem in international relations theory,
individual human agents and social structures are mutually interdependent entities.
Regardless of one’s philosophical stance on the purpose of education – for example, as a
function of democracy (Beane, 1998) or as a function of economic growth (Hanushek &
Wößmann, 2010) – it is one of society’s key social structures. It is thought to deliver a
promise, or certain outcomes, to better individuals and bond diverse groups with a
common good (Boman, 2006). If it fails to deliver on such a promise, by a number of
ways described throughout this section, then it could lead to greater instances of conflict
or societal instability. Applying a structural functionalist lens to this issue, which assumes
that society’s institutions or structures lie in an integrated and equilibrium state, I will
examine the theoretical consequences when such a state is disrupted by failing to fulfill
its promise(s) (Avruch & Black, 1987; Hallpike, 1973; Morrow, 1978).
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Formal education systems are theoretically associated with human capital
formation, as individuals accumulate skills and knowledge through progressive levels of
schooling. Becker (1993) goes so far as to claim that education is the most important
investment in human capital, citing earnings data by education level even after
controlling for numerous socioeconomic factors. It is no surprise, then, that the spread of
modern public mass education systems in the developing world throughout the
postcolonial era was intended to improve human capital at scale (Saleh, 2016; Sokoloff &
Engerman, 2000). The institution of education became a clear gateway to better economic
futures for citizens and countries. At an individual level, the perception of returns on
investment (ROI) and increased human capital often drives parents’ decisions to invest in
their children’s quality education (R. Jensen, 2010). On a community scale, it is the
aggregate demand for increased future earnings that pressures employers to invest in their
labor supply’s human capital improvement (Kosack, 2009). As human capital begins to
grow across its citizens, a country will presumably become more economically
modernized. Therefore, the economic stability of a country and the employment
opportunities for its citizens appear linked with access to their education systems.
Access to education and its subsequent human capital accumulation is both a
vehicle to modernity and an indicator of democracy. Investment in human capital is
credited with shifts from agrarian to industrial societies, as workers transform their
knowledge and skills into higher yields of production (Rostow, 1990; Schultz, 1961). As
an upward mobility device, human capital then results in increases of real earnings per
worker (Saleh, 2016; Schultz, 1961). According to modernization theorists, like Lipset
(1959), higher levels of education correlate with higher degrees of industrialization and
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greater democracy. Similarly, Croke et al. (2016) revealed a negative relationship
between education and political participation in authoritarian regimes, further
strengthening the argument that education and democracy are wed together. This should
not mislead readers into thinking that there is a sequential relationship between modernity
and democracy. Rather, the framework implies that, in theory, modern democratic
societies use education and deliberate investments in human capital to strengthen their
democratic fabric simultaneously.
Governments often make conscious efforts to further shape their constituents’
values through the employment of education (Ansell & Lindvall, 2013). First, education
can promote ideologies to malleable young audiences. Cantoni et al. (2017) suggested a
correlation between states’ design of education content and political ideology exists,
citing the subsequent reduction of social friction and establishment of social norms.
Likewise, in a study of public goods provision in Kenya, Miguel (2004) described the
public school curriculum as, “…an aggressively employed nation-building tool” (p. 335).
Second, education can ultimately lead to greater political participation among students
and parents. In Mali, for example, parents who sent their children to public schools were
more likely to have voted in elections due to more frequent interactions with agents of the
state, like teachers or administrators (Bleck, 2013). This effect is likely due to increased
individual agency, as deliberate improvements in training and knowledge have been
shown to influence political participation (Gourevitch, 2008). As states witness returns on
their educational investments in the form of stronger and more participative
constituencies, further support to the education system will presumably accelerate the
relationships described throughout this conceptual framework and corresponding
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literature review. The key point is to show that a breakdown at any of the relational lines
in this framework can have serious implications within a single country, or, likely worse,
across multiple countries or regions.
2.6. Mapping Spatial Phenomena
The previous three sections of this chapter were all concerned with the scholarly
literature pointing to a sequence of relationships within countries, showing how birth
registration, legal identity, state services/benefits, and various civic outcomes might all be
interconnected in Country A, for example. Acting together, these sections uncovered a
gap in the literature, where it is unclear if birth registration, acting as a function of legal
identity, correlates with access to education, which is one of a few state services often
requiring proof of identity. As mentioned in Chapter 1, the purpose of my study is to
understand if birth registration acts as a barrier for children across Sub-Saharan Africa in
accessing education. Research question #1 aims to explore if the relationship exists over a
study area by testing the relationship between birth registration and access to education
across countries A through n (i.e. the number of countries of Sub-Saharan Africa).
Research question #2 is best represented by Countries A through n in my conceptual
framework, where I will explore the spatial distribution of these variables, separately,
across the same countries. The purpose of the latter is to identify any non-random
distributions or clusters of variables. The relative spacing of countries B and C in the
conceptual framework, as compared to D…n, was a purposeful display to show how
variables can be clustered in areas. This final section of Chapter 2 will highlight literature
suggesting that spatial distribution analyses are important in uncovering spatial
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relationships. In it, I argue that Sub-Saharan Africa makes for an appropriate case study
for clustering of social phenomena given its history of artificial colonial borders drawn
over pre-existing cultures.
From a theoretical perspective, geographic space is a key concept in human
geography as it allows us to represent events, places, and social or environmental
phenomena on a flattened map (R. J. Johnston et al., 2000). I will discuss some of the
theoretical assumptions behind space and spatiality in Chapter 3, but, for now, I find it
helpful to present readers with a basic overview of the term. Agnew (2011) asserted that
the concept of space, as it is conceived of in modern times, rose to academic prominence
in the seventeenth century. Since then, he argues, space has produced geographic
knowledge by allowing people to assign locations and meaning that are reflective of the
“spatial imprint” of physical, social, or economic processes. Likewise, Bailey and Gatrell
(1995) believed that a host of practitioners beyond geographers (e.g. epidemiologists,
planners, sociologists, etc.) face problems of spatial nature. An even stronger “spatial
turn” has occurred in the social sciences over recent decades, as computer mapping
software has enabled researchers, “…to reason that everything happens in space, but
because where things happen is critical to knowing how and why they happen” (Warf &
Arias, 2008, p. 1). Additionally, Arias (2010) argued that a geographical conception of
space is, “…a means to integrate diverse sources of information and to understand how
broad social processes play out unevenly in different locations” (p. 29). This final point
underscores the essence of my study, as I wanted to understand if/how birth registration
and educational access intersect with one another across Sub-Saharan Africa.
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From a methodological perspective, geographers are often interested in how
social phenomena transcend geographical spaces. While this topic will be covered at
length in Chapter 3, literature about spatial autocorrelation suggests that it is worth
addressing my particular variables of interest from this perspective. According to
McGrew Jr. et al. (2014), part of the geographic research process is to explore the
distribution of variables across adjacent spaces to discover any significant patterns in the
values of each spatial attribute. This stems from research suggesting that many ecological
phenomena have been shown to demonstrate patches and/or gradients in their observed
values across space (Legendre, 1993). Spatial autocorrelation, which applies a statistical
technique to examine correlations across geographic areas, has been growing in
popularity since the 1970s, as researchers sought to test hypotheses about spatial
relationships (Getis, 2008). Some authors identified the benefit of spatial autocorrelation
as the ability to determine if high values are found near places of other high values or if
low values tend to move in concert with other low values (Bolstad, 2016). This technique
has already been employed in Africa alone, ranging from research about the spatial
distribution of non-farm enterprise activity in rural Africa (Owoo & Naudé, 2014) to
child health inequalities in sub-Saharan Africa (Yourkavitch et al., 2018). In the latter
case, the distribution of health indicators across small geographic units, or clusters, aided
Yourkavitch et al. (2018) in identifying areas of low health coverage that could then
better inform resource allocation. From this perspective, my study assumed that it was
conceivable that birth registration and educational access are similar social science
variables that could uncover actionable instances of spatial autocorrelation.
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The inquiry into social phenomena in their spatial form(s) often stems from
geographers’ interest in border studies and the way these lines shape human behavior.
Africa, as a continent, offers an interesting case study for border studies because the
artificially drawn borders conceived by colonial powers have been shown to cross
indigenous spaces, leaving behind a legacy of social problems in the post-colonial era
(W. F. S. Miles, 2008, 2014; Rudincova, 2015; Touval, 1966). While these lines have
often been described as arbitrary and artificial, Herbst (1989) argued that borders are
always artificial because states are not natural and are rather socially constructed by those
with political interests. As such, some believe that decolonization processes will never be
complete until the current borders are re-drawn in a manner that is not drawn by and for
the former colonial powers (Ramutsindela, 2010). Until this occurs, modern African
borders will likely continue to cut across linguistic or ethnic geographies (Ali et al., 2019;
Nettle, 1996). From a postcolonial perspective, this has damaging social effects on
identities and communities, as it precludes a certain type of pre-colonial African sense of
unity and togetherness that would have been shared among socio-cultural groups had it
not been for colonization (Müller, 2020; Touval, 1967). Even colonial education systems,
which spread a common structure of schooling, pedagogies, and forms of knowledge
throughout Sub-Saharan Africa, have provided a shared basis for postcolonial reform
efforts (Tikly, 2001). Thus, any social variable should have grounds for critical
examination to help understand if commonalities in their attributes are tied, at least in
part, to geography.
The institution of education is no stranger to the lasting effects of colonial borders
in Africa, making it a compelling dependent variable in my study. One example of this is
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the French and British colonial legacies in the Cameroonian education system, where the
country’s partition along colonial linguistic lines has continued to shape parallel
education systems within the country today (Dupraz, 2019). Another example of this is
Huillery's (2009) research, which showed that modern educational outcomes have been
determined in French-speaking West Africa by public investments during colonial times.
In other words, the areas with early investments in their education systems essentially
received a head start in persisting investments over time. Given that education systems in
Africa are largely similar to colonial education systems (Shizha, 2005), it is certainly
possible that the same social processes emplaced in education systems decades ago could
still be in place. This is not necessarily an argument in favor of radical, systemic change,
but rather an acknowledgement that Luke (2011) was justified in cautiously approaching
the idea of moving educational innovations from one cultural context or nation to
another. This literature suggests that characteristics from educational systems might
cluster in similar socio-cultural contexts. Likewise, returning to the colonial birth
registration practices described earlier in this chapter, attitudes towards civil registration
systems may tend to follow colonial lines. These are the theoretical assumptions that was
tested using my study’s innovative methodology.
2.7. Conclusion
After highlighting the millions of children in Sub-Saharan Africa without birth
certificates in Chapter 1, this chapter was intended to shed light on the processes by
which that problem occurs and generates certain consequences. In this chapter, I
reviewed some of the barriers inhibiting the birth registration process in developing
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countries (Duff et al., 2016; Hunter & Brill, 2016; Issa & Mgaya, 2018; United Nations
Children’s Fund, 2017) and the significant negative effects of those excluded from social
benefits as a result (Harbitz & Tamargo, 2009; Jeong et al., 2018). Through a postcolonial lens, it became evident that these lasting conditions likely stemmed from
deliberate systems of identity recognition that favored those in power during colonial-era
Africa (International Institute for Vital Registration and Statistics, 1988; S. Q. Jensen,
2011; Szreter & Breckenridge, 2012; Villet, 2011). This deep-rooted social exclusion
persists as access to state services, from healthcare to education, is dependent on proof of
one’s legal identity (Hunter, 2019). Because legal identity itself is difficult to measure, I
turned to birth registration as an indicator of access to state services, such as public
education systems (Dahan & Gelb, 2015b; Oppenheim & Powell, 2015). The scant body
of research on this relationship, with notable exceptions in Corbacho et al. (2012) and
Apland et al. (2014), clearly uncovered a need for further research. After all, as I
concluded in the preceding sections, academic literature points to dire consequences if
education systems fail to deliver on their social promises (Avruch & Black, 1987;
Boman, 2006), especially considering the degree to which social phenomena can
transcend geographic spaces.
The final component of an effective literature review is to reiterate any gaps
found within the relevant literature that help the researcher identify areas for future study
(Pan, 2016). In this dissertation, I aimed to fill a void in the limited research testing the
relationship between birth registration and access to education. I sought to strike a
balance between the depth found in Corbacho et al.’s (2012) study in a Dominican
Republic context and the breadth found in Apland et al.’s (2014) mixed methods study
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spanning four countries in different geographic regions. Methodologically, the latter
study influenced my decision to use complementary research methods to more
thoroughly investigate this relationship, although I substituted a spatial method in place
of a qualitative one. With an emphasis on Sub-Saharan Africa, I built on Tikly’s (2001)
theoretical framework of educational exclusion in a post-colonial construct by testing out
such assertions, empirically. In taking such an interdisciplinary approach, my study
makes unique contributions to social justice literature across academia, from human
geography to international education. Finally, the fact that an estimated 237 million
children under age 5 worldwide do not possess a birth certificate implies that one of the
largest gaps might be found in a lack of effective interventions in birth registration.
Motivated by a sense of pragmatism and purpose, my explanatory spatial mixed methods
study was an attempt to both understand the what and the where of this significant birth
registration shortfall (Warf & Arias, 2008).
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CHAPTER 3: METHODS
3.1. Chapter Overview
In this chapter, I lay out the methodological plan for this dissertation. Lying at the
intersection of philosophy, strategic inquiry, and specific methods, the mixed methods
research design will fill the gaps in literature addressed in the previous chapter (Creswell,
2009). This chapter follows Creswell’s (2009) interconnection framework by covering
these three foundational components of a research design. First, I share the story of how I
discovered my research topic firsthand in Cameroon and provide insight into my
philosophic worldviews that help contextualize this research. Next, I discuss how these
experiences and paradigms translated into actionable research questions that naturally
lend themselves to a mixed methods strategy. I rely heavily on Creswell and Plano
Clark’s (2018) explanatory sequential research design, but will modify it with an
innovative spatial turn, called an “explanatory spatial” design. Then, I provide a detailed,
six-step, blueprint for employing quantitative and spatial analytical techniques to better
understand the relationship between birth registration and educational access across SubSaharan Africa. Finally, I conclude by reviewing the study’s limitations to set a
transparent and rigorous stage for the study’s three main journal articles (Chapters 4-6).
3.2. Researcher Positionality
Slightly over one year prior to this writing, I was participating in what would be
the first of many engaging and personally fruitful conversations with a district-level
primary school inspector (e.g. superintendent) in Northern Cameroon. Any outside
observer would not have bet on this relationship to endure, however, as the conversation
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would cease with me admitting an inability to aid in his top priority for the district. This
was unexpected because I had been trained for this exact situation – to build rapport with
cultural and political leaders – when becoming an Army Civil Affairs Officer a few years
prior (Joint Chiefs of Staff, 2018). So, I set off to develop a human connection by quickly
scanning for anything in his office that could help strike a natural conversation. The
soccer trophies from three of his schools’ recent championships were the perfect entrée
into sharing my same passion for the game. While that bought me a few jovial minutes, it
quickly became apparent that his focus for discussion that day would be the only thing in
his office larger than the trophies – the stack of his students’ applications for retroactive
birth certificates.
The school inspector painted a sad picture of the countless young adolescents
within the city who were about to finish primary school (and their formal educations
altogether) unless they could acquire a birth certificate as their ticket to secondary school.
Unfortunately, the cost for shepherding their applications through the formal processes
was simply too expensive for most families to shoulder without any government
assistance. On the heels of a national election, the risk of being perceived as foreign
intervention in a civil registration and identity process (i.e. birth registration) was too
high for my team to participate in any sort of problem-solving capacity. Although we
ended up improving school infrastructure and providing school supplies to the district
over the next nine months, the fact that the problem went unsolved still continues to
trouble me. Like the civil-military efforts before me in Cameroon, I am driven to help
avert the scores of out-of-school youth from becoming vulnerable to recruitment by the
neighboring violent extremist group, Boko Haram (Kimmons, 2017). In the following
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sections, I will highlight some philosophical underpinnings of these vulnerabilities that
drive my interest in birth registration and access to education. These underpinnings, or
philosophical assumptions, will then set the foundation for the methodological choices
made throughout the remainder of this chapter.
3.3. Philosophical Assumptions
Outlining the theoretical lens(-es) in a study is a critical step in bridging the gap
between paradigmatic worldviews and methodological approaches (Creswell & Plano
Clark, 2018; Crotty, 1998). Researchers should explicitly state their philosophical
assumptions and set of beliefs, or worldviews, to be clear about how they expect to gain
knowledge from their study (Creswell & Plano Clark, 2018). How the researcher
conceives and implements their ideas provides the critical foundation that guides their
inquiry (Nastasi et al., 2010). The combination of my firsthand experience witnessing the
educational exclusion problem in Cameroon and my underlying philosophical
perspectives provide readers with full transparency of my positionality as a researcher.
For instance, my military deployment provided the international background to the
problem, directing my attention to the concept of birth certificates as a variable in a social
exclusion equation. However, the preceding years of working to combat exclusive
admissions policies in an American postsecondary context helped ground my passion for
the subject of educational access. Through a concurrent phase of academic study, I found
that new paradigms were emerging to re-examine the historical inequalities in education
and the traditional barriers to learning (Ilon & Lee, 2014). Therefore, I now find it
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especially critical to be forthright in how I approach these problems in a global setting
when I innately apply a Western conception of systems and space (L. T. Smith, 2012).
Given my dual identity as a citizen-soldier and an educator, it seems fitting that I
apply the perspectives and values from multiple lenses to approach this dissertation. I
naturally rely on traits from each when encountering real-world problems requiring
thorough analysis and creative solutions. It therefore makes sense that I adopt a
paradigmatic pluralism approach, which is one of nine core characteristics of mixed
methods research and combines two or more worldviews (Tashakkori & Teddlie, 2010).
A dialectical perspective towards paradigmatic pluralism is perhaps the most appropriate
outlook on my position as the researcher in this study. With dialectical pluralism,
researchers embrace certain intellectual tensions and contradictory ideas while
simultaneously promoting knowledge that is both universalistic theoretical and locally
practical (Greene & Hall, 2010; R. B. Johnson, 2017; Onwuegbuzie & Frels, 2013).
Creswell and Plano Clark (2018) argue that although these contradictory ideas cannot be
reconciled, honoring them with multiple worldviews can generate unique insights into the
world. With a particular emphasis on the concept of space in this study, I embrace the
intersecting tensions between a pragmatic epistemology on one hand and a postpositivist
ontology on the other hand.
Pragmatism is an ideal worldview to serve as the foundation for my study for two
epistemological reasons. First, with a commitment to produce socially useful knowledge,
pragmatism is a problem-centered perspective that focuses on the consequences of
research through multiple methods of data collection (Creswell & Plano Clark, 2018;
Yvonne Feilzer, 2010). As stated above, my goal in this study is to uncover a potential
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relationship between birth registration and access to education, but it is the implications
of the possible findings that make this study so intriguing. The literature presented at the
tail end of the previous chapter pointed towards serious consequences of social exclusion
and failed education systems across some of the world’s most vulnerable populations.
Second, I believe that exploring this topic over a spatial frame of reference (i.e. SubSaharan Africa) is a function of practicality because it binds the research problem at hand
to a digestible yet specific study area. In that sense, I apply an “epistemology of the grid”
to this study, which is, “…a procedure for locating and segmenting a complex, relational,
and dynamic social reality” (Dixon & Jones, 1998, p. 251). The explanatory power of
spatial analysis, as Dixon and Jones (1998) argue, is rooted in the grid epistemology
because it facilitates the surveillance of sociospatial structures over flattened maps
represented by a grid of latitude and longitude.
Like Hall (2013) and Maxwell (2011), I am not convinced that there is one best
worldview for mixed methods research. The dialectic irony here is that my ontological
position on the nature of reality (i.e. that there is one singular reality) is more consistent
with a pluralistic postpositivist worldview than a pragmatic one (Creswell & Plano Clark,
2018). In other words, I argue that it takes a collection of worldviews examining one
single reality to address complex, societal research problems. Again, I will refer to spatial
concepts to illuminate my ontological position here. In discrete space, objects, like
countries or rivers, are found at precise points on Earth (Ballas et al., 2017). Confirming
these points with a GPS, for example, would suggest that they exist at a single and
verifiable set of geographical grid coordinates. By applying their own worldviews, people
may disagree over the meaning associated with that location, which is referred to as
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“place” in human geography (Tuan, 1979). Regardless of those varying places, the
objects themselves still reside within a single spatial reality (i.e. location). My challenge
in this study is to ensure that reality as it is represented in my spatial analysis model
conveys the reality as it truly is (Steinberg & Steinberg, 2015). The aim of my pragmatic
and postpositivist study will be to understand how certain socio-structural problems
manifest over space. As the preceding literature review showed, there are places that can
already serve as empirical and theoretical benchmarks.
Based on my philosophic worldview (i.e. pragmatic and postpositivist) and the
strategy of inquiry driving my research question (i.e. explaining the extent of a problem),
a mixed methods research design is the most fitting for this study (Creswell & Plano
Clark, 2018). There are a few characteristics about this approach that are important to
recognize before discussing key research decisions, ranging from data collection to
analysis techniques. First, it is an observational study, intended on alerting the academic
community to a phenomenon by assessing specific associations between variables (L. M.
Sullivan, 2018). Second, it can be characterized as descriptive non-experimental research
(as opposed to predictive non-experimental research) because the purpose is to describe
and document the characteristics of the phenomenon rather than predict future conditions
or infer causality (Johnson, 2001). Finally, it is an implicitly spatial study, where the
observations represent geographic features (i.e. countries) but the locations themselves
are not under scrutiny (McGrew Jr. et al., 2014). Together, these features allow for a
thorough examination of birth registration and educational access variables across a large,
cross-national, study area.
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3.4. Research Questions
Mixed methods research questions, according to Plano Clark and Badiee (2010),
generally mirror the personal worldviews of the researcher. My study is no different from
their claim, as I approached the quantitative strand of my study from a pragmatic
perspective and my spatial strand from the postpositivist worldview described above. The
former sought to determine which, if any, dependent educational variables are most
closely associated, or correlated, with the independent variable of birth registration. The
latter aimed to uncover the ways in which our socio-spatial world of borders and postcolonial constructs affect the variables included in such analysis. Tashakkori and
Creswell (2007) argued that the two strands of a mixed methods study are deserved of
their own research questions along with a third explicitly formulated mixed methods
question. My study will follow this direction with the research questions outlined below
and in Figure 3.1. The first question follows the characteristics of a traditional
quantitative research question, which investigates the relationships between variables of
interest (Plano Clark & Badiee, 2010). The spatial question represents an inquiry into the
geographic values of location, extent, distribution, and spatial association of the key
variables (Board, 1984; Nyerges, 1991). The final overarching question is a combined
mixed methods question that questions how the methodology helped explain the content,
or the phenomena at the center of this study (Creswell & Plano Clark, 2018). These
questions, paired with corresponding hypotheses, provide a comprehensive inquiry into
the statistical and spatial relationships associated with birth registration and educational
access in Sub-Saharan Africa.
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Figure 3.1 Research Questions and Data Strand Matrix

In an effort to clearly and comprehensively address the quantitative and spatial
research questions, they are each be closely tied with research hypotheses. While the
research design will be explained in the subsequent section, it is important to describe
how it is derived precisely from the research questions through a method known as
hypothesis testing. In many cases, this process involves a null hypothesis, representing no
difference among variables’ means, and its converse form, the alternative hypothesis
(McGrew Jr. et al., 2014; L. M. Sullivan, 2018). In some cases, the null hypothesis is
driven by the researcher’s estimated guess about the relationships between variables
(Steinberg & Steinberg, 2015). The former case, which is used in my study, is a nondirectional hypothesis and the latter case is a directional hypothesis, where the researcher
believes there will be a positive or negative association among variables (McGrew Jr. et
al., 2014). The purpose of a hypothesis test is to determine a threshold, or critical value,
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for the point when the researcher can statistically accept the null hypothesis and reject the
alternative hypothesis, or vice versa (L. M. Sullivan, 2018). In the case of my first two
research questions and hypotheses below, if the null hypotheses (H0) are rejected,
indicating a relationship between variables, then we accept the alternative hypotheses
(HA) and the answer to the research question is “yes.” The following list outlines all
research questions for this study.
3.4.1. Situating the Research Questions
Before listing each of the research questions, I find it helpful to orient readers to
the timeframe and variables that are listed consistently throughout them. First, each
question covers a time period of 2010 to present. From a practical standpoint, 2010
allows for the inclusion of multiple rounds of UNICEF’s MICS survey, which should
provide sufficient data coverage for ensuring that a complete sample of countries could
be used for my cross-national analysis (United Nations Children’s Fund, 2013a). I will
discuss the role of time in more detail at the beginning of the next section. Second, I am
using a composite of three indicators – net attendance rates, school completion rates, and
out-of-school rates – as a proxy for educational access. Additionally, the first research
question contains three sub-questions, with the educational level in brackets, to clearly
show how they will be tested separately to show differences in access by level. Like the
timeframe, each of these variables will be covered in more detail during the data
collection section of this chapter. The research questions are listed first, however, to show
the audience how my research decisions flow logically from detailed research questions
and hypotheses to a specific mixed methods study design.
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3.4.2. List of Research Questions
Research Question #1 (Quantitative). Is there a relationship between birth
registration and educational access across the countries in Sub-Saharan Africa since
2010, while controlling for GDP per capita and rurality?
H0: no statistically significant relationship exists (β=0) between birth registration
and educational access
HA: there is a statistically significant relationship (β≠0) between birth registration
and educational access
Sub-Question #1a. Is there a relationship between birth registration and
educational access [at the primary school level] across the countries in Sub-Saharan
Africa since 2010, while controlling for GDP per capita and rurality?
Sub-Question #1b. Is there a relationship between birth registration and
educational access [at the lower-secondary school level] across the countries in SubSaharan Africa since 2010, while controlling for GDP per capita and rurality?
Sub-Question #1c. Is there a relationship between birth registration and
educational access [at the upper-secondary school level] across the countries in SubSaharan Africa since 2010, while controlling for GDP per capita and rurality?
Research Question #2 (Spatial). Is there a non-random pattern in the spatial
distribution of birth registration, GDP per capita, rurality, and educational access across
countries in Sub-Saharan Africa since 2010?
H0: attribute values of birth registration, GDP per capita, rurality, and educational
access are randomly distributed among countries in the study area
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HA: attribute values of birth registration, GDP per capita, rurality, and educational
access are not randomly distributed among countries in the study area
Research Question #3 (Mixed). To what extent does the spatial distribution
within birth registration, other socioeconomic/geographic variables, and educational
access help explain the relationship between them in a cross-national study across
countries in Sub-Saharan Africa since 2010?
3.5. Research Design
After presenting the research questions above, I find it critical to clarify that this
study was not designed to be longitudinal. For example, I did not collect birth registration
data on a sample of 5-year olds and then re-survey them 5-10 years later to determine its
effect on their educational outcomes. Instead, I was seeking a relationship, or association,
between the countries that struggle with birth registration rates and the countries with
lower educational access. Another way of framing the study is to ask, “are the countries
with low birth registration also the same countries where educational access is lower?” In
essence, this is a restated way of addressing Research Question #3. Based on my personal
experience in Cameroon, it is very possible for students of primary school age to
retroactively receive birth certificates provided they follow an expensive and often
convoluted administrative process. Therefore, I found it believable that the countries with
bureaucratic barriers in place for one government institution (i.e. civil registration) could
be the same countries with barriers in place in another government institution (i.e. public
education). This clarification is critical for readers to ensure they are not approaching my
research design from a longitudinal perspective but rather a relational one.
46

In this dissertation, I employed a mixed methods research design to examine the
relationship between birth registration and access to education in Sub-Saharan Africa. My
research design was typology-based, meaning that I adapted a foundational mixed
methods typology – an explanatory sequential design – to fit this study’s research
questions (Creswell & Plano Clark, 2018). I called my research design an “explanatory
spatial” model in an effort to preserve this core typology while reflecting the need for a
methodological variant (Creswell & Plano Clark, 2006). In the traditional explanatory
sequential design, according to Creswell and Plano Clark (2018), a researcher begins with
a quantitative data analysis before moving sequentially to a qualitative strand to explain
those initial results with more depth. In my design, I also began with a quantitative strand
but I followed it with a spatial analysis using selected variables from the quantitative
analysis. Creswell and Plano Clark also asserted that mixed methods researchers should
include a notation system to clearly convey the flow of data analyses. The following
notation best symbolizes my study:
QUANrelationship  spatialdistribution
In this notation arrangement, the capitalization of “QUAN” denotes the priority of the
quantitative strand while the directional arrow and “spatial” notation represents the
deductive and supplemental approach to explaining the initial results (Creswell, 2010;
Morse, 1991). Since this was an untested research design, prior to my dissertation, I
included additional terms in the subscript of the notation to clearly present the purpose
for each strand. In other words, the purpose of my study was to test for a relationship
between key variables in the quantitative strand before explaining those results by testing
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for their spatial distribution. I believe that there are two important reasons why this
research design has the potential to be unique and effective.
First, due to the complex nature of the research problem at hand, a need existed to
obtain more complete and corroborated results than with only one strand (i.e. quantitative
or spatial) alone (Creswell & Plano Clark, 2018). This is an issue and study area
requiring analytical breadth, as multiple research methods can provide deeper
understanding and enhanced descriptions of the variables of interest (R. B. Johnson et al.,
2007). Given the socio-spatial theme depicted in my conceptual framework and
supporting literature, mixed methods research offered a fitting typology, as it is inclusive
of the many ways that humans can make sense out of the social world (Greene, 2007).
Additionally, this need for a completeness of results stems from a place of pragmatism, as
the aim of this study was to generate attention towards the countless children across SubSaharan Africa that are excluded from their education system for lack of birth
documentation (Creswell & Plano Clark, 2018). After all, my resource-limited team was
unable to directly aid the students of Northern Cameroon with this issue but perhaps this
study could uncover how many more places are in similar unfortunate situations.
Combining multiple strands of data could enable a humanitarian or development
organization, like UNICEF or USAID, respectively, to not only understand the extent to
which birth registration acts as an educational barrier in Sub-Saharan Africa (i.e. research
question #1), but also to determine where to allocate resources most effectively (i.e.
research question #2).
Second, there was a need for a more deliberate variant in which a spatial
component becomes integrated with a quantitative strand in mixed methods research.
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McGrew Jr. et al. (2014) argued that looking at spatial variation and distribution is a
logical next step to statistical data analysis techniques. Despite this seemingly obvious
next step, from a human geographer’s perspective (i.e. always wanting to know where),
spatial analyses were notably absent from Creswell and Plano Clark’s (2018) detailed
review of mixed methods typologies that crossed academic disciplines and many
adaptations to core research designs (pp. 54-57). There has been evidence of and
arguments for the use of geographic information systems (GIS), a spatial analysis
technique, in a mixed methods setting (Brown et al., 2017; Giordano & Cole, 2018;
Preston & Wilson, 2014; Warshawsky, 2014; Yeager & Steiger, 2013). A substantial
amount of literature also existed that contained the concept of “qualitative GIS” as a
mixed method (Cope & Elwood, 2009; Jung & Elwood, 2010; Shay et al., 2016; Sinha et
al., 2017). What I proposed, however, was not simply another example of a spatial mixed
methods study in practice. Rather, I was highlighting a need to assess the utility of a
distinctly sequential employment of multiple data strands (e.g. quantitative and spatial).
The aim here was to establish a credible framework for a future ‘explanatory spatial’
mixed methods design. This assessment will contribute to Yoon & Lubienski's (2017)
call for a mixed methods geospatial research agenda that supports education policy
analysis. Specifically, they recognized that mixed-methods GIS can allow researchers to
re-conceptualize identities as spatially constituted and help them understand spatial
marginalization in educational policies – the precise purpose of my dissertation.
I use a mixed methods procedural diagram, adopted from Ivankova et al. (2006),
to clearly delineate the steps required to perform my study. Like a conceptual framework,
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the procedural diagram (see Figure 3.2) serves as a road map for the remainder of this
chapter.

Figure 3.2 Procedural Diagram

Each stage will be described in detail as I will highlight the data collection and analysis
techniques along with the intended outcome of each step. Beginning with data collection,
I will describe my process for building a custom secondary dataset using the United
Nations Children’s Fund (UNICEF) and United Nations Educational, Scientific and
Cultural Organization (UNESCO) data warehouses. From there, I will test my
quantitative hypotheses associated with Research Question #1 with three multiple
regression by quantifying the association between variables of birth registration and
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educational access (L. M. Sullivan, 2018). The results from this test will then dictate the
variable selection that will be used in the subsequent spatial analysis. The screening and
decision-making criteria will be presented thoroughly below. I will then perform a Global
Moran’s I test on each of the selected variables to test for non-random spatial clustering
of their attribute values across Sub-Saharan Africa (Research Question #2). Finally, I will
integrate both data strands into a final graphical format to provide an interpretation of
extent. Revisiting Figure 2 from above, one can see how these two tests will cover the
two specific research questions while the integration of data will address the overarching
Research Question #3.
3.6. Data Collection (Step 1)
This study relied on publicly available secondary data to test for relationships
between birth registration and educational access (see Appendix A for institutional
permission to use such data for dissertation purposes). The secondary data, which was
collected by the UNICEF and UNESCO, came in spatially-aggregated data sets, where
the data represented national values for each respective indicator (McGrew Jr. et al.,
2014). This allows for a cross-national analysis, in which country-specific particularities
can be differentiated from social-structural regularities across countries within a specified
region or, in this case, Sub-Saharan Africa (Kohn, 1987). Secondary data is becoming
more prevalent in academic research, as technology enables large amounts of data to be
made readily accessible to researchers for empirical analyses (M. P. Johnston, 2017). It is
especially useful in situations where time and financial resources are constraints
(McGrew Jr. et al., 2014). For example, it would be ideal, yet logistically impossible, to
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have replicated the opening anecdote of Chapter 1 across all countries in Sub-Saharan
Africa. Instead, secondary data made it possible to understand if the birth registration
issue in Northern Cameroon was precluding youths across the region from accessing
progressive levels of formal education. The following sub-sections address the key roles
of UNICEF and UNESCO, which lead in providing international data as well as
preserving quality and consistency considerations of secondary data sources (Atkinson &
Brandolini, 2001; Murray & Newby, 2012).
3.6.1. UNICEF Data Warehouse
In this study, I will built a dataset for analysis partly using the openly-accessible
secondary data acquired through the UNICEF Data Warehouse (United Nations
Children’s Fund, 2020a). UNICEF is a well-established entity in terms of worldwide data
curation and has even been designated as a custodian or co-custodian of 17 Sustainable
Development Goals by an Inter-Agency & Expert Group on SDG Indicators (United
Nations Children’s Fund, 2018a). In fact, UNICEF is the custodian agency for official
birth registration reporting, making it the ideal entity for this study, as birth registration is
the key independent variable that will be used for analysis. The UNICEF global database,
or data warehouse, includes data from over 197 countries, with an estimated coverage of
at least 80% of the developing world, according to Murray and Newby (2012). It includes
many topical indicators, ranging from child protection to education to immunization, and
covers a wide range of demographic groups, like newborns, school-age children and
women of reproductive age. This variety in available data points allows users, like
researchers and policymakers, to conveniently access data across their geographic regions
or content areas of interest.
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Assembling and maintaining a robust global database requires UNICEF to
aggregate data from multiple sources. This helps fulfill their commitments to improving
the quality of data systems, leaving no country behind in their data coverage, and
developing international norms and standards for data collection (United Nations
Children’s Fund, 2018b). However, adolescent and socially marginalized populations,
including out-of-school children, are often left on the margins of global data collection
efforts (Azzopardi et al., 2019; Patton et al., 2012). Macro-level research studies
therefore need to combine data sources sometimes to improve the coverage across
indicators or variables. This was the case in a recent study on adolescent health and
wellbeing, globally, where researchers developed a dataset using sources from UNICEF,
the Institute for Health Metrics and Evaluation (IMHE) and the International Labour
Organization (Azzopardi et al., 2019). The UNICEF data warehouse contains some of
these data sources; in the case of child protection (i.e. birth registration) and education,
they draw data primarily from their own Multiple Indicator Cluster Surveys (MICS) or
the U.S. Agency for International Development’s (USAID) Demographic and Health
Surveys (DHS) Program.
Upon an initial scan of the UNICEF Data Warehouse, it became apparent that the
data provided for most of my countries of interest were either sourced through MICS or
DHS surveys. These two types of household surveys are closely aligned with one another
in structure and measurement approach, serving as the primary data source in most
developing countries for children-related health and well-being indicators (Hancioglu &
Arnold, 2013). As such, they are practical sources for researchers and the use of them in a
paired manner has been well-represented within academic literature (Amouzou et al.,
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2017; Ayede et al., 2018; Gray et al., 2013; Larsen et al., 2017). Conducted every 3-5
years in low- and lower-middle income countries, these household surveys and interviews
create a representative sample of each country under inquiry (Ayede et al., 2018). They
rely on cluster sampling, which divides the population into mutually exclusive and
exhaustive categories (i.e. clusters) before randomly sampling individuals (or families)
within each cluster (McGrew Jr. et al., 2014). The data from each cluster is then
combined to produce a total sample that is representative of the country’s greater
population. The MICS and DHS surveys were therefore the most appropriate way to
access a comprehensive dataset that could be used in my study, which rested on the
ability to compare birth registration and education indicators in a macro, cross-national,
approach. The following two paragraphs will provide a brief overview of each survey
program, respectively.
Multiple Indicator Cluster Surveys. Covering 116 countries since its inception
in the 1990s, the Multiple Indicator Cluster Surveys (MICS) program, managed by
UNICEF, is one of the largest household survey programs focused on children and
women (Khan & Hancioglu, 2019). Khan and Hancioglu’s recent publication provides
perhaps the most simple, yet thorough, overview of the program and is a useful resource
should readers find an interest in a more detailed explanation of the program. To briefly
summarize, however, MICS is a household survey program, led by UNICEF-trained field
teams and enumerators. The program, which uses a multistage sample design with
clusters of 20-25 households, is designed to be representative of the populations from
which these clusters are drawn. The MICS field teams conduct face-to-face interviews
with household respondents of individual men and women aged 15-49, who self-report
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current and retrospective data on themselves. These interviews cover a wide variety of
UNICEF’s standard, globally recommended data indicators, like Water, Sanitation and
Hygiene (WASH), maternal and newborn health, and child development/nutrition. Data
on children under 5 years of age (one questionnaire) and ages 5-17 (another
questionnaire) comes from their mothers or caregivers if their mothers do not live in the
household or are deceased. The extensively-trained MICS program enumerators upload
questionnaire data, obtained using tablets during fieldwork with the households, on a
daily basis to a cloud server for quality assurance by UNICEF’s survey managers. Given
the longevity and scale of the program, I determined this to be a trustworthy data source
for my analysis.
Demographic and Health Surveys. Like MICS, USAID’s Demographic and
Health Surveys (DHS) program uses standardized questionnaires and procedures to
facilitate comparable analysis across countries (U.S. Agency for International
Development, 2018). According to the Guide to DHS Statistics (2018), this program was
established in 1984 and has been implemented in over 90 countries, most of which (but
not all) are recipients of USAID assistance. This program shares many similarities with
the MICS program and, while this brief summary may be redundant to the previous
paragraph, it is useful to show the consistency in protocol across these survey programs.
For example, the DHS program’s main objective, like MICS, is to collect information on
basic demographic and health indicators across households, ranging from the nutritional
status of mothers and children to family planning to attitudes/behaviors towards
HIV/AIDS (U.S. Agency for International Development, 2012). The program also seeks
to build a nationally representative sample using existing sampling frames drawn from a
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country’s most recent census or list of communities containing a measure of population
size. The DHS field-based data collection teams also receive detailed training and an indepth interviewer’s manual to ensure consistency and data quality as they implement the
Household Questionnaire and the Woman’s Questionnaire throughout each cluster of
households (U.S. Agency for International Development, 2020).
Similar to MICS, respondents in the DHS program’s Household Questionnaire
should be any knowledgeable person age 15 or older living in the household (U.S.
Agency for International Development, 2018). These individuals report information
about the characteristics of each person in the household, including their age, sex,
education, and relationship to the head of household. This also helps identify women of
reproductive age (15-49) in the household, whom are then interviewed as well to provide
information on 11 standard survey sections, covering topics like pregnancy and postnatal
care, child immunization, and other health considerations. All of these results are updated
in a database and then aggregated, generally within 12 months since initiation in a
country, to produce a key findings reports for each country. Since this data, along with
the MICS results, feed into the UNICEF data warehouse, researchers are easily able to
export cross-country data to conduct research on a variety of variables, as shown below.
3.6.2. UNESCO Institute for Statistics
UNICEF’s sister United Nations agency, UNESCO, housed a similar database
that contained variables that I could export for use in my custom dataset for this
dissertation. The database, called the UNESCO Institute for Statistics (UIS), serves as an
official source of education, science, culture, and communication data that is effective for
comparative, transformational, and development purposes (United Nations Educational,
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Scientific and Cultural Organization, 2020c). It contained national-level socio-economic
(GDP per capita) and geographic/demographic (rural population %) indicators that I used
to hold constant, or control for, during my multiple regression analyses. These indicators
were not available in the UNICEF data warehouse, making the UIS system a viable
alternative source despite the additional step of needing to merge the data together with
my exported UNICEF data. Like UNICEF, the UNESCO database contains data that was
originally sourced through household surveys while also including information obtained
through population censuses, learning assessments, financial estimates, and
administrative data (United Nations Educational, Scientific and Cultural Organization,
2020d). In fact, the two variables that I exported from the UIS database, GDP per capita
and rurality, were originally sourced through UNESCO’s economic estimates and
household surveys, respectively. These two variables were then added to my database, for
a total of six indicators that I analyzed throughout this study.
3.6.3. Key Independent Variable: Birth Registration
According to UNICEF (2020b), the standard indicator for birth registration in
DHS and MICS surveys is the percentage of children under age 5 (0 to 59 months) with a
birth certificate or whose birth was reported as registered with civil authorities at the time
of survey. This indicator is calculated by the following equation (United Nations
Children’s Fund, 2019c):
Birth registration % under 5 years old = (the number of children with a birth certificate
or registration with civil authorities / the total number of children in the population) *
100
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I used this as the key independent variable in my quantitative data analysis because it is
arguably the most well-established global indicator related to birth registration. The DHS
survey has been collecting birth registration in more than 90 countries since 1993 and the
MICS survey has collected birth registration since 1999 in about 50 low- and middleincome countries worldwide (United Nations Children’s Fund, 2020b). Additionally,
UNICEF reviews all birth registration data points for consistency, overall data quality,
proper methodology and sampling, national representativeness, and plausibility prior to
entering them into their global database on birth registration. Although there are some
limitations of the data itself, the UNICEF database enabled me to include birth
registration percentages for most countries throughout Sub-Saharan Africa.
3.6.4. Controls: GDP per Capita and Rurality
In a multiple regression analysis, it can be useful to hold some factors constant, or
control for them, to help move toward an understanding of the true causal effect of the
key explanatory variable of interest (Arkes, 2019). In this case, my task was to select
additional explanatory variables that might explain at least a portion of the variance in
educational access while avoiding the effects of confounding, or multicollinearity
(Pallant, 2020). Confounding occurs when there is a distortion on your outcomes that is
created by other independent variables beyond your key explanatory variable, which, in
this case, was birth registration (Sullivan, 2018). As such, I chose to include a common
measure of country-level socioeconomic level, or gross domestic product (GDP) per
capita, and a measure of geographic/demographic composition, or the percentage of the
population that is considered to be rural. Both of these variables have been used in prior
research related to educational access (Checchi, 2003) and to the lack of birth certificates
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(Brito et al., 2017). After importing both variables from the UNESCO UIS database, I
included them in a correlation matrix, alongside birth registration, to ensure that there
were no strong correlations between any of the three explanatory variables (i.e. a sign of
confounding). Finally, it is important to note that while additional explanatory variables
might have been useful, the small sample size in my study (n<40) meant that three
independent variables would be the maximum number that I could use effectively
(Pallant, 2020; Tabachnick & Fidell, 2007).
GDP per capita. According to the Organisation for Economic Co-operation and
Development (2014), GDP per capita is the most widely used comparative indicator of
economic standing and is often used for comparing the sizes of economies across
countries. They calculate it in the following way:
GDP per capita = Sum of a country’s marketed goods and services produced within the
national boundaries (in U.S. Dollars) / the country’s total population
Rural population percentage. The United Nations (2018) maintains a
measurement of rural populations by counting or estimating the de facto population living
in areas classified as rural. Rurality is generally considered a combination of population
density and the geographic size of a locality (United Nations Statistics Division, 2017).
The UN has recognized an urban-rural dichotomy, where qualities of life, access to
services, and levels of development all can be impacted by these sociodemographic
geographies. Recognizing the impact that this dichotomy might have on educational
access, I used the rural population percentage in my study, which the UN (2018)
calculates as:
Rural population % = (Rural population / total population) * 100
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3.6.5. Dependent Variable: Access to Education
The outcome variable for my study, access to education, is more complex than
birth registration as there are many ways that it can be measured. I originally thought that
access to education would only be a reflection of student enrollments at the education
level of interest (e.g. primary-education, secondary-education, etc.). Some studies have in
fact used gross enrollment rates at various education levels as indicators of access
(Checchi, 2003; Donou-Adonsou, 2019). In doing so, however, this approach often only
takes into account those who have enrolled when, in reality, I am more concerned with
those students who are left out of their country’s education system. It became apparent
through literature that investigating access to education is best done by using proxies with
a combination of variables, ranging from children who had never been to school to
students who completed some but not all levels of age-appropriate education to those
who had dropped out of school (Lewin & Sabates, 2011). On this complex outlook on
access to education, Lewin (2009) writes:
First, access to education needs to be broadly conceived if it is to be used as a
focus for domestic policy and to targets which shape policy and practice. Simple
definitions of enrolment registration need to be accompanied by a broader vision
which includes entry and progression at an appropriate age, regular attendance,
satisfactory achievement, appropriate chances to progress to post-primary, and
more equitable distribution of opportunity. (p. 171)
I combined attendance, completion, and out-of-school rates into one composite
dependent variable in my study. Not only were these indicators easily accessible through
the UNICEF data warehouse, but there was clearly a need to include such variables based
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on Lewin's (2009) trailblazing study on access to education in Sub-Saharan Africa. This
will help us consider all aspects of the access equation, as it will both shed light on
attendance (i.e. those students enrolled in school) but will also follow his recognition of
exclusion as an important converse of access:
The largest numbers of those excluded from education are those who enrol in
Grade 1 but fail to complete their schooling. Of the 113 million children of
primary school age in SSA over 32 million children remain outside primary
schools. More than double this number fails to participate through to the end of
secondary schooling. Only in some fragile states where civil unrest, war and other
forms of conflict have destroyed infrastructure and disrupted education systems,
is it likely that a majority of those out of school are those who have never
attended school. (Lewin, 2009, p. 157)
The following three sub-sections will briefly show how the three variables are calculated
consistently across the MICS and DHS surveys. In each case, the variable is available at
the primary, lower secondary, and upper secondary education levels. According to the
International Standard Classification of Education (ISCED), primary education generally
covers ages 6-11, or 1st through 6th grades in United States terms. Secondary education
covers ages 11 or 12 through 18 or 19, or 7th through 9th grades for lower secondary and
10th through 12th grades, or the first three years of vocational education, for upper
secondary education (National Center for Education Statistics, n.d.).
Net attendance ratio. As I mentioned above, the net attendance ratio, like
enrollment, shows the percentage of students attending the respective level of education
within a country. I argue that this is in an indicator of how accessible a country’s
61

education system is because it directly covers the degree to which students are includes or
enrolled. This indicator is calculated by the following equation (United Nations
Children’s Fund, 2019d):
Net attendance ratio = (the number of children attending primary or secondary school
who are of official primary or secondary age / the total number of official primary or
secondary school age children) * 100
According to the DHS program (U.S. Agency for International Development, 2018),
countries’ national Ministries of Education and the UNESCO Institute for Statistics
databases are the key sources for establishing the specific age range and the month of
each academic year start point for each country. It should also be noted that the
denominator in this equation and those that follow is based on the household survey
respondents’ self-reported answers about their children’s ages. Without such clarification,
we would be in a paradoxical situation where it would be difficult to discern the total
number of school-aged children in the population without the birth documentation which
can be so notably absent in this region.
Out-of-school rate. Serving as the converse to attendance, I found it important to
include out-of-school rates as a second method of measuring access to education.
According to UNESCO (2020), higher out-of-school rates in countries can indicate a
need to improve access to education as it can help identify excluded populations. This
indicator captures children and adolescents who are not enrolled in primary nor
secondary levels of education. According to UNICEF (2016), “…in data collected with
DHS or MICS a child is considered to be in school if she or he attended school at any
time during the academic reference year provided in the questionnaire” (p. 21). This
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indicator is calculated by the following equation (United Nations Children’s Fund,
2020c):
Out-of-school rate = (the number of children who are not attending primary or
secondary school who are of official primary or secondary age / the total number of
official primary or secondary school age children) * 100
The administrative sections of surveys like MICS or the DHS program provide the
important data for this indicator because they can directly identify households where
children are out of school (United Nations Educational, Scientific and Cultural
Organization, 2020b). This makes sense, as national-level Ministries of Education (see
above) may only contain enrollment information and not necessarily be able to track
those who are not enrolled in school.
Completion rate. Although it may be intuitive to think of access to education in
terms of enrollment, or inputs to education, I also considered how outcome data might be
an indicator as well. For example, if a country displays a high percentage of primary
school graduates but a low percentage of lower- or upper-secondary school, then there
might be reason to investigate reasons why students were precluded from finishing. This
is consistent with the opening vignette of Chapter 1, as Cameroonian students cannot sit
for exit exams without a birth certificate and are therefore barred entry to the subsequent
education level. In addition to access, however, UNESCO (2020a) notes that a low
completion rate could be indicative of certain educational quality indicators, such as high
dropouts/repetition or late completion. For this reason, I did not want to consider
completion rates as a standalone proxy for educational access. Rather, it was used to
capture any trends and possible barriers associated with each of the educational levels.
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This indicator is calculated by the following equation (United Nations Educational,
Scientific and Cultural Organization, 2020a):
Completion rate = (the number of persons in the relevant age group who have completed
the last grade of the given level of education / the total population of the same age group)
* 100
It should be noted that relevant age group is defined as, “a cohort of children or young
people aged 3-5 years above the intended age for the last grade of each level of
education” (United Nations Educational, Scientific and Cultural Organization, 2020a). In
other words, this includes all children who have completed a level of education (e.g.
primary school) by the time they are 3-5 years older than the official age of entry into the
last grade of that level of education.
Composite Variable. One tactic for combining multiple variables representing a
particular construct into a single variable is the use of a composite variable. This should
be done after critically analyzing the theoretical composition of the construct and
selecting variables that logically represent its meaning (Song et al., 2013). As the
preceding paragraphs have shown, net attendance, out-of-school, and completion rates all
maintained sufficient theoretical grounds for inclusion in my conception of the term,
“educational access.” A composite variable has been used before to study access in SubSaharan Africa, making it a viable technique in international educational policy research
(Spaull & Taylor, 2015). Creating the composite variable only required two steps. First, I
needed to invert the out-of-school variable so that it would follow a consistent scale with
the other two variables, where higher values represented better access. I accomplished
this by using the SPSS compute function and subtracting all out-of-school values for each
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country from 100. Second, I used Song et al.’s (2013) simple averaging technique to
compute the average of net attendance, completion rate, and the inverted out-of-school
rate for each country. I repeated this process at the primary-school, lower-secondary, and
upper-secondary school levels, thereby creating three separate educational access
variables for use in my quantitative and spatial analyses.
3.6.6. Data Screening
The procedure for building and screening my dataset using the secondary data
from the UNICEF and UNESCO data warehouses required a few steps. First, I exported
the full datasets from the respective warehouses in comma-separated values (CSV)
format and convert them to .xlsx (Microsoft Excel) files. I then selected each of the
variables listed above (e.g. birth registration, completion rate, etc.) and deleted all other
unnecessary variables (i.e. those not pertaining to my study) from the dataset. These
variables served as the columns, or fields, in my final data table. Similarly, I deleted all
countries except for those found within Sub-Saharan Africa. These countries represented
the rows in my final data table. Once these fields were established, I scanned the dataset
to determine which country-level values would remain for my data analyses. My
selection criteria included the most recent MICS or DHS survey since 2010 within each
country. For example, if Ghana, contained birth registration data from the MICS6 survey
in 2018 and the MICS5 survey in 2013, then I would only include the former values in
my table. Once the dataset was established, I imported it into the SPSS statistical
software and proceeded to screen the data for suitability purposes.
There are a series of data cleaning issues that must generally be resolved between
the data collection and data analysis phases of a study (Tabachnick & Fidell, 2007).
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Although I selected a research design based on secondary data to minimize these preanalysis data issues, it is worth mentioning them briefly here. First, there is the topic of
missing data. It is typically important to determine if data are missing completely at
random to understand if the omissions are effects of unobserved factors beyond the other
variables in the study (Cox et al., 2014). In my dataset, I believed that it was likely the
case that any missing country values were not random and they were, in fact, due to
conditions associated with countries under severe internal conflict (e.g. Somalia, Libya,
etc.). In these cases, I removed the missing countries from the analysis. Second, I used
box-whisker plots to identify outliers, or extreme values, in the dataset (L. M. Sullivan,
2018). In Chapter 4, you will read about the case of Gabon, which I needed to remove
because of the necessity to identify, evaluate, and describe any values that are more than
two standard deviations from the mean, as was the case here (Tabachnick & Fidell,
2007). Similarly, I examined the variables for any noteworthy examples of skewness and
kurtosis using the histogram feature in SPSS but did not find any in need of further
action. Since my sample size was relatively small (i.e. less than 50), I planned to identify
and describe any non-normal measures of relative dispersion, but, again, this proved to
not be needed (McGrew Jr. et al., 2014). Since there were no major data quality issues, I
was then able to proceed to the first of two data analysis phases.
3.7. Quantitative Data Analysis (Step 2)
The analysis of my quantitative data strand consisted of two steps. First, I used a
numerical procedure and graphical technique, known as descriptive statistics, to organize
my data and describe the key characteristics of each observed variable (Fisher &
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Marshall, 2009). Descriptive statistics are used to summarize the basic characteristics of
the dataset, but they will not offer any inferential capabilities, like the regression analysis
outlined below (Bernhardt, 2013). For my ratio-scale variables, I analyzed the three
general classes of descriptive statistics. According to Larson (2006), these include
measures of central tendency (e.g. mean, median, and mode), dispersion (e.g. standard
deviation and interquartile range), and shape (e.g. skewness and kurtosis). I performed
these analyses using the AnalyzeDescriptive StatisticsFrequencies options in the
SPSS statistical software package. As an output to this step, I built a single table in that
included the descriptive statistics for each variable (see Table 4.2). While the primary
purpose for this step was to examine my main variables of interest for any abnormalities
that could affect the regression analysis, examining the variables in this table also
provides value as a standalone product (discussed further in Chapter 4). With so little
joint research on birth registration and educational access, these descriptive statistics may
be an important first step in how much or how little the phenomena differ across SubSaharan Africa.
In the second step of the quantitative data analysis phase, I used inferential
statistics, through three multiple regression analyses, to examine the relationships
between explanatory variables (e.g. birth registration, GDP per capita, and rurality) and
outcome variables, or educational access. In a geographic study, the purpose of
inferential statistics is to use a sample of spatially observed data to test hypotheses about
a statistical population, or the total set of information under investigation (McGrew Jr. et
al., 2014). In the case of my study, I used all countries in Sub-Saharan Africa for which
birth registration and educational access data was available to then make inferences about
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the relationships among variables across the region. Since the X and Y variables in my
study were random variables (i.e. collected independently of one another) it made sense
to employ a quantitative analysis to understand the degree of relationship between them
(Howell, 2010). Additionally, through regression, one can investigate both how a set of
factors (i.e. called explanatory or predictor variables) explains an outcome (i.e. the
dependent, or response, variable) and how that outcome is affected by each individual
predictor (Arkes, 2019). The following steps trace my methodological process for both
conducting the multiple regression analyses and testing the null hypothesis that there was
no statistically significant relationship between birth registration and educational access
at three levels of education.
Ensure requirements and assumptions are met. According to McGrew Jr. et al.
(2014), there are five requirements for conducting a multiple regression analysis (p. 271).
First, the variables must be measured by an interval or ratio scale. All of the variables in
my dataset followed the latter (e.g. birth registration %, rurality, access, etc.). Second, the
test assumes that there is a linear relationship between the X and Y variables. As my
literature review suggested, my assumption was that there would be a positive linear
association where educational access would be higher in countries with higher birth
registration rates. Third, the variables are assumed to be normally distributed in a
bivariate manner. I tested this assumption during the descriptive statistics step described
above when using a histogram to examine the shape of the distribution (i.e. the third class
of descriptive statistics). The final two requirements, both related to residuals, calls for
the variance of residuals to be equal for all values of the outcome variable and for
residual errors to be independent of one another. The latter case was a specified output in
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the SPSS software when performing the regression analyses and confirmed to not be an
issue in any of my three models. Only after assessing each of these five considerations
could I then move on to the three multiple regression analyses.
Analyze the multiple regression equation. When aiming to estimate the effects
of birth registration on educational access, it was important to remove the influence of
other variables (i.e. country-level wealth and geography) by holding them constant
(Arkes, 2019). It does this by allowing researchers to evaluate each independent variable
for the amount of total variation they explain in the dependent variable (McGrew Jr. et
al., 2014). Therefore, the multiple regression equation, according to McGrew Jr. et al.
(2014, p. 270) can be depicted as follows:
𝑌 = 𝑎 + 𝛽1 𝑋1 + 𝛽2 𝑋2 + ⋯ 𝛽𝑛 𝑋𝑛
In this equation:

Y = the outcome variable
a = Y-intercept
β = regression coefficient for each predictor variable
X = the values for each predictor variable

In this study’s equation, Y is the access to education composite variable, X1 represents
birth registration, X2 represents GDP per capita, and X3 represents the percentage of
population that is considered rural for each country. This equation was applied at the
primary-school, lower-secondary school, and upper-secondary school levels for three
total multiple regression analyses.
Select and compute the test statistic. Arkes (2019) provides a test statistic
equation, t, for the multiple regression analysis, which I employed in my study. A test
statistic provides a value that can summarize the information in your dataset (Sullivan,
2018). This value is then compared against a critical value that determines whether or not
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we can accept or reject the null hypothesis. There are a few types of test statistics, like the
z, F, or x2 (Howell, 2010; Sullivan, 2018). The t distribution that I used, which is
appropriate for small samples, is similar in shape to a normal distribution but it allows for
a greater margin of error due to the smaller sample size (Sullivan, 2018). It is calculated
for a regression analysis using the equation outlined by Arkes (2019, p. 19):
𝑡=

𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 (𝛽)
𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑒𝑟𝑟𝑜𝑟 (𝑆𝐸(𝛽))

Interpret results and determine whether to reject or accept the null
hypothesis. After selecting the appropriate test statistic, McGrew Jr. et al. (2014) suggest
that researchers then select the level of significance for that test. In my study, I selected a
significance level, or α, of .05 because it is a commonly accepted threshold in hypothesis
testing. An α of .05 represents a null hypothesis rejection region of 5% of the area under
the t distribution curve (Howell, 2010; Sullivan 2018). Furthermore, because I did not
necessarily have a logical basis to assume a directional relationship between variables
(i.e. positive or negative), I selected a two-tailed alternate hypothesis (McGrew Jr. et al.,
2014). This meant that my rejection region would be the upper 2.5% and the lower 2.5%
of the area under the distribution curve at a .05 significance level. 95% of the area under
the distribution curve, then, is the non-rejection area, or the area in which we can accept
the null hypothesis if the test statistic falls within that region.
I used the t value from the previous step to determine whether to reject or accept
the null hypothesis. This can be done using a critical value table for the t distribution in
the appendices of many statistical textbooks (Howell, 2010; McGrew Jr. at al., 2014;
Sullivan, 2018). I would use the degrees of freedom, or n-1, at .05 two-sided test α, to
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look up the critical value for t. For example, if my sample size was 35, then my degrees
of freedom would be 34 and the critical value would be 2.032. Therefore, according to
my decision rule, I would reject the null hypothesis if my calculated t value is less than 2.032 or greater than 2.032. Using those results, I would accept the null hypothesis if t
fell between these two values, which encompasses 95% of the area under the t
distribution curve. Alternatively, as was the case here, most statistical software packages
can perform this calculation and facilitate this process in a much quicker manner. As a
reminder, accepting the null hypothesis would mean that the coefficient estimate, β, was
equal to zero for each explanatory variable. A rejected null hypothesis would mean that
there the coefficient estimate(s) were significantly different from zero (Arkes, 2019).
between them. Finally, the SPSS statistical software calculate the p-value, or the exact
significance level associated with the test (Arkes, 2019; McGrew Jr. et al., 2014). This
would enable me to account for Type I error to understand the probability of rejecting the
null hypothesis when it is in fact true. As a final output, I create a table showing the
coefficient estimates, β, and p values for each of the analyzed variables (see Table 4.3).
This was a concise way of presenting all of the quantitative results and allowing for a
much easier interpretation than if each test had been presented separately (American
Psychological Association, 2019).
3.8. Variable Selection (Step 3)
The primary intent behind an explanatory sequential research design is to use a
second, qualitative data phase to help explain specific results found during the initial
quantitative phase (Creswell & Plano Clark, 2018). In my explanatory spatial design, I
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followed this same idea while replacing the qualitative data strand with a spatial data
analysis in Step 4. A key step linking the two phases of data analysis (i.e. Step 3) is to
determine which quantitative results are in need of additional clarification or explanation,
according to Creswell and Plano Clark. This can be done by further examining any
significant results, non-significant results, outliers, group differences, or a combination of
each. When selecting these criteria for additional insight using a second data strand, the
researcher may also need to refine their research questions and re-design the second data
phase with potentially new participants. This can pose challenges to approval processes,
such as institutional review board (IRB) reviews, as the second phase cannot be fully
specified in advance without knowing the quantitative results first. In my case, I did not
face such hurdles in the IRB process because I did not need to alter my data collection
requirements nor did I modify my spatial analysis techniques or research questions. I
simply used the quantitative results to drive the list of variables in need of additional
analysis.
The variables that I would select for the subsequent data analysis stage would
depend on the acceptance or rejection of the null hypotheses in the preceding quantitative
phase. The input to this step, the multiple regression result table, helped me quickly
identify which variables would be most suitable for further analysis. The plan was to
select any of the regression models in Step 2 where I rejected the null hypotheses and the
respective dependent variable(s) displayed a statistically significant relationship with any
of the predictor variables across Sub-Saharan Africa. I would then examine these selected
variables in the spatial autocorrelation tests to determine if they also showed any
instances of non-random spatial distributions, or clustering. The purpose of this
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examination would be a pragmatic one, as it could help international organizations
identify the areas where possible interventions in birth registration could also impact
access to education. Chapter 6 discusses the importance of this case selection process in
greater detail as it is a key component of my explanatory spatial variant and offers
researchers several advantageous options for subsequent explanation of initial results.
3.9. Spatial Analysis (Step 4)
The spatial data analysis strand followed a similar fashion as the quantitative
strand in which the inferential examination was preceded by a descriptive analysis.
Steinberg and Steinberg (2015) argue that descriptive mapping provides audiences with a
baseline geographic understanding of how each of the independent and dependent
variables manifest themselves across space (i.e. Sub-Saharan Africa). This is important
because my study was intended primarily for policy, non-governmental and/or
educational audiences as opposed to geographers or those with a deep understanding of
spatial analyses. Classifying spatial data into visual categories is one way of enhancing
readers’ understanding of complex spatial patterns (McGrew Jr. et al., 2014). Choropleth
mapping is a method by which geographers do this, assigning color shades to polygon
map features (e.g. countries) based on their attribute values (Ballas et al., 2017). This is
especially useful for quantitative continuous variables with a wide variance, as was the
case with birth registration and educational access rates across Sub-Saharan Africa.
As a result of the selections made in in Step 3, I built an individual choropleth
map, using the ArcGIS geospatial mapping software, for each of the study’s six variables.
Multiple individual maps may appear excessive, but it enabled me to quickly discover
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unique spatial patterns across the continent. Like SPSS, ArcGIS makes it convenient for
users to import one dataset before performing repetitive analyses or processes across
variables. I used an equal intervals classification scheme to assign counties a color shade
based on which one of five intervals (i.e. range of values) contained their particular
variables fell into (Ballas et al., 2017). This method ensured that I was classifying
variables consistently across each of the separate maps and making unique values become
more visually identifiable. Like the descriptive statistics portion of my quantitative
analysis, this step offered me the flexibility to use the maps as a standalone feature for
discussion.
In the second phase of my spatial analysis, I tested for spatial autocorrelation
within each of the variables selected after the quantitative correlation analysis. Unlike a
quantitative correlation, however, spatial autocorrelation is an examination within each
variable and does not test for relationships between variables (Getis, 2007). Getis (2007)
argues that a “spatial twist” on correlation arose from a recognition that many data
observations, especially in close proximity to each other, were not necessarily
independent (p. 492). In fact, Moran (1948) argued that the geographical distribution of
phenomena should be investigated to question whether the presence of some quality in
one area made it more or less likely in a neighboring area. The Moran’s I Index, initiated
by his 1948 work, would later become popular among geographers as a method of
incorporating the numeric values of areas to quantify the level of spatial autocorrelation
among them (McGrew Jr. et al., 2014). This method would enable them to determine if
these area attribute values were clustered versus dispersed across a study area and/or if
autocorrelations were strong in one region versus weak in another (Bolstad, 2016). This
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method is specifically designed to take into account the manifestation of social conditions
across adjacent locations (McGrew Jr. et al., 2014). As I mentioned in the literature
review, I argue that this type of spatial technique is critical for examining if colonial-era
social processes/structures have continued to yield similar results among neighboring
countries that share pre- or post-colonial experiences. I used Moran’s I index to address
this inquiry through the following steps.
Ensure requirements and assumptions are met. Similar to the multiple
regression analysis, the Moran’s I index contained a few requirements that needed to be
met before proceeding to the analysis step (McGrew Jr. et al., 2014, pp. 230-231). First,
there had to be a minimum of 30 geographic features. Even after screening my dataset for
countries without adequate data sources, my sample size exceeded this threshold. Second,
the attribute values (i.e. the specific numeric values for each variable within each
country) must be measured on an interval/ratio scale. I used the same dataset in this test
as in the quantitative data strand described above, thereby ensuring that this condition
was met. Finally, the same assumption of normality described in my quantitative data
screening applies here, as the test is suited for datasets that are assumed to contain a
normal distribution. Again, had any of my variables failed to meet this assumption in the
quantitative screening then they would also have been excluded from this spatial analysis.
Calculate Moran’s I Index. There are a few important terms (see italicized text)
incorporated into the Moran’s I index equation presented below that should first be
defined for audiences perhaps unfamiliar with spatial terminology. An area is defined in
my study as a Sub-Saharan African country. In geographic terms, an area is a polygon
feature that represents objects large enough to have boundaries, like countries or tracts of
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land (Law & Collins, 2015). Adjacent polygons, or areas, are often joined together by a
common edge, or a national border (Bolstad, 2016). Two countries that are joined
together are known as a contiguous pair, or each unique pair of neighboring locations
throughout the study area (McGrew Jr. et al., 2014). Additionally, each area generally
contains some sort of attribute value, which is non-spatial information about a
geographic feature, in this case each of the variable values (e.g. birth registration rate,
educational access, etc.) corresponding with each country in the dataset (Law & Collins,
2015). I took particular interest in the variance, or the degree of variability measured by
squared deviation from the mean (Sullivan, 2018). Each of these italicized terms can be
found in the Moran’s I index equation as outlined by McGrew Jr. et al. (2014, p.229):
𝐼=

(number of areas)(sum of cross − products for all continuous pairs (𝑖, 𝑗)
(number of joins)(variance of the area attribute values)
𝐼=

In this equation:

𝑛 ∑(𝑥𝑖 − 𝑥̅ )(𝑥𝑗 − 𝑥̅ )
𝐽 ∑(𝑥 − 𝑥̅ )2

n = number of areas
̅x = the mean of all attribute values
xi and xj = the values of all contiguous pairs
J = the number of joins

Similar to the quantitative data analysis, I relied on a statistical software package
to complete the spatial strand of my study. The platform, called ArcGIS, contained the
functionality to calculate the Moran’s I index equation presented above. It is one of the
many tools found within the “Geoprocessing” wizard. Geoprocessing is a method by
which the GIS system performs an operation to manipulate an input dataset into a new
output dataset (Law & Collins, 2015). Specifically, the Moran’s I option is found within
Spatial Statistics Tools  Analyzing Patterns  Spatial Autocorrelation (Global
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Moran’s I). After inputting my dataset into this tool, it returned the Moran’s I value, the
variance, as well as the z-score and p-value, which I will discuss in the next step (Esri,
n.db). Again, like SPSS, ArcGIS produces its output results in a customizable results
window, which will be presented in Chapter 5.
Select and compute the test statistic. The next step after calculating the Moran’s
I index was to convert it into a test statistic that could be used to determine statistical
significance. In this case, McGrew Jr. et al. (2014) guides researchers to convert I to a Zscore. I therefore used their equation to compute the Z-score:
𝑍=
In this equation:

𝐼 − 𝐸𝐼
√𝑉𝑎𝑟𝐼

I = Moran’s I index calculated for each variable in step b.
EI = -1/(n-1)
Vari = the variance under the assumption of normality. This was
calculated by the equation:
𝑛2 𝐽 + 3𝐽2 − 𝑛 ∑ 𝐿2
𝑉𝑎𝑟𝐼 =
𝐽2 (𝑛2 − 1)

In this equation:

n = number of areas (i.e. countries)
J = the number of joins
∑L = the sum of the number of joins for each individual area (i.e.
the total number of countries bordering other countries)

A Z-score, or standard score, shows how far the value is from the mean of the distribution
(McGrew Jr. et al., 2014). For example, a Z-score of exactly 1 would indicate a test
statistic of exactly 1 standard deviation above the mean for that particular variable. To
understand the probability of this score occurring, or the p-value, one can look up the Zscore using a table of normal values found in many quantitative textbooks (Howell, 2010;
McGrew Jr. et al., 2014; Sullivan, 2018). Alternatively, the ArcGIS software contains the
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functionality for this calculation in the same spatial statistics process described above. As
such, the latter would become a quality assurance test against the former. Again, this
follows a similar process to the quantitative hypothesis test process described throughout
Step 2.
Interpret results and determine whether to reject or accept the null
hypothesis. The spatial analysis strand required two steps to explain its results. First, it
was important to interpret the I value because it signals the direction of the correlation
and the value indicates the strength of the correlation. With Moran’s index, the I value of
+1 would be a perfectly clustered display of spatial autocorrelation and the I value of -1
would be a perfectly dispersed, or anticorrelated value (Bolstad, 2016). In other words,
positive values represent autocorrelation, or clustering, and negative values represent
dispersion. Again, as with a correlation analysis, it is possible to interpret the degree of
correlation using this value on a standalone basis; however, it is the test statistic value (tvalue or Z-score) that determines the level of statistical significance associated with this
clustering or randomness (McGrew Jr. et al., 2014).
Second, and the final piece of this data strand, was to determine whether or not to
reject the null hypothesis. I used a significance level, or α, of .05 to remain consistent
with the statistical probability employed in my regression analysis. If the p-value was less
than .05 then I would reject the null hypothesis (that attribute values are randomly
distributed across the study area) and accept the alternate hypothesis (that attribute values
are not randomly distributed). If I rejected the null hypothesis and the Moran’s I value is
positive, then I would be able to confidently say that the values for that particular variable
were clustered. If I rejected the null hypothesis and the Moran’s I was negative, then
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there were significant results to show that the attribute values were not randomly
distributed and there was some factor that may be influencing their non-random
dispersion (McGrew Jr. et al., 2014). Either result certainly warrants future research on
this subject, as discussed in Chapter 5. To aid in this interpretation, I created a table that
listed all relevant variables, their Moran’s I value, their Z-score, and their p-value (see
Table 5.1). As I mentioned in the literature review, I was particularly interested to see if
there were certain variables that displayed statistically significant evidence of clustering,
perhaps along pre- and/or post-colonial national boundaries. This results table of each
variable, combined with their associated choropleth maps, provided a baseline analysis
for this inquiry.
3.10. Data Integration (Step 5)
Although there were effective standalone components in the quantitative and
spatial strands in Step 2 and Step 4, the power of mixed methods research comes when
integrating the two types of data (Fielding, 2012). Mixing is an important procedure as it
allows the generalizable findings of quantitative research to be connected with a second
(often qualitative but in this case spatial) research method, which helps readers better
understand complex social phenomena (Zhang & Creswell, 2013). However, integration
processes have often been the least discussed procedures in scholarly literature, meaning
that mixed methods researchers today should pay special attention to the critical nature of
clearly articulating the need for mixing. Integration of traditional mixed methods data
sources can be challenging because quantitative and qualitative research have been
described as poles on a multidimensional continuum, each with their own distinct
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components (Bazeley, 2010). Part of why I am advocating for a new, explanatory spatial,
research method is that the spatial analysis is already close in nature to quantitative
research, allowing for a smoother integration in practice. In my study, the integration
process allows for knowledge creation that is greater than simply the sum of its
quantitative and spatial parts.
The integration process in my study consisted of a multivariate cluster analysis
technique to effectively merge the quantitative strand, which allowed one to identify
statistical relationships between variables, and the spatial strand, which helped illuminate
the spatial distributions within the variables. ArcGIS Pro’s Multivariate Clustering tool
was employed here because it can determine the most natural clusters in the dataset,
where the features within each cluster are as similar as possible while also maximizing
differences between the clusters themselves (Esri, n.da). As such, it supported Bazeley's
(2010) argument that GIS is a particularly powerful analytic and communication tool for
the computer-assisted integration of data sources. The goal here was to understand if any
variables clustered in concert with one another over the specified geographical space (i.e.
Sub-Saharan Africa. This technique has been used before and will naturally fall within a
larger body of literature highlighting the efficacy of multivariate methods in geospatial
analyses (Long et al., 2010; Marquinez et al., 2003; Shaban et al., 2010; Shan et al., 2013;
Srivastava et al., 2012).
Returning to my pragmatic worldview presented in Chapter 2, the cases that were
included in the multivariate cluster analysis were intended to yield the greatest
opportunity for action or future research. That is, they were the relationships that were
most likely to uncover any likely barriers for accessing education and to be
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geographically clustered in a manner that could help narrow the scope for policymakers
and/or development organizations. In doing so, this technique was designed to answer
Research Question #3, about the extent to which birth registration acts as a barrier to
accessing education in Sub-Sahara Africa. Chapter 6 will present three useful ways in
which different combinations of variables could be integrated in a GIS-based multivariate
clustering analysis. Again, this is the power of mixed methods research. Significant
quantitative results only show what phenomena are occurring but follow-on spatial
methods will address a key logical next question of where they are occurring.
3.11. Review for Limitations and Validity (Step 6)
I find it critical to interpret the results of my study, from Steps 2 through 5, within
the context of the innovative research design and its supporting theoretical constructs. I
also want to be fully transparent as this explanatory spatial mixed methods research
design may warrant additional scrutiny from academic communities. Recognizing these
essential considerations in a mixed methods study, Tashakkori and Teddlie (2008) offer a
useful framework, consisting of Caracelli and Riggin's (1994) domains of quality, for
assessing the quality of mixed methods research. Their second domain, “Design Quality,”
will be especially relevant to my study as my research design comes with some
limitations that may affect its reliability. Reliability is defined in this case as the
consistency over time and/or the stability of measurement techniques over a variety of
conditions (Drost, 2011, p. 108). Following each of my data analysis stages, I examined
the methods and results for any unforeseen reliability limitations within my study.
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3.11.1. Reliability
From a design quality and reliability perspective, I will point out that this study,
like most research, was performed in a time- and resource-constrained environment. In an
ideal setting, my study would include comprehensive data samples from every country in
Sub-Saharan Africa during the same timeframe for an optimal cross-national comparison.
That was simply not feasible as consistency in international data collection processes is
rarely perfect from country to county (McGrew Jr. et al., 2014). As I mentioned in the
data collection section above, however, UNICEF and UNESCO are very clear and
transparent in establishing strict protocol for their data enumerators. I therefore decided
to only include cases where their true data sources (i.e. MICS, DHS, etc.) were specified,
even knowing that this could have resulted in some missing countries from the analysis.
Additionally, these strict guidelines make it impractical to conduct the same surveys
across every country in the same year. As such, my database included cases across SubSaharan African countries ranging from 2010-2020 to align my timeframe with the most
recent rounds of MICS and DHS surveys. This ensured that I was only using data from
the most recent data sources in each country to minimize any potential error due to lack
of consistency in survey procedure. In other words, both design quality and reliability
considerations were actually addressed early in this study by making key decisions in
how I assembled my table of secondary data.
3.11.2. Validity
On the topic of validity, Domain 4, “Interpretive Rigor,” in Tashakkori and
Teddlie's (2008) mixed methods quality framework considers the degree to which the
study’s conclusions are drawn from credible and trustworthy findings. This is similar to
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the concept of internal validity, or the validity of the research itself and, subsequently, the
researcher’s ability to draw correct inferences from their data (Creswell, 2009; Drost,
2011). In mixed methods research, it is critical to address potential threats to validity,
which are those that impact correct inferences as well as accurate assessments from the
integrated data (Creswell & Plano Clark, 2018). Creswell and Plano Clark note that one
threat to internal validity in a mixed methods study comes from keeping results from the
data strands separately. This was mitigated in my study by clearly articulating the
differing options for mixed methods integration in Step 5 (described above) and again in
a more thorough review during Chapter 6. These sections show how I managed to
investigate both the quantitative and spatial data strands in an integrated manner. Another
threat to validity, they describe, especially in a sequential design, is failing to identify the
most important results from the first strand to explain with the second strand. This threat
is why I have outlined clear case selection protocol. In doing so, readers should be able to
infer that the multivariate maps presented in Chapter 6 are the result of the most
noteworthy and closely associated variables.
The final domain of quality that is worth mentioning as a key consideration in my
mixed methods study is the fifth domain, “Inference Transferability” (Tashakkori &
Teddlie, 2008). This is equivalent to the concept of external validity in a traditional
quantitative study (O’Cathain, 2010). External validity is typically an examination of the
threat posed by generalizing and transferring inferences across contexts (Drost, 2011). In
my study, I will again be clear that my intent was not necessarily to follow a traditional
research model of using the study to make inferences across other global contexts. In fact,
the reason I included a spatial component is because I believe that socio-spatial context,
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particularly geographic clustering, is paramount for examining the relationships among
social phenomena. This study originated from a place of post-colonial inquiry and I
would find it inappropriate to transfer the results from this study to other situations that
did not suffer from such colonial legacies as the African continent. As such, my strategy
for addressing political legitimation, another term for mixed methods validity, was to
ensure that I maintain a neutral perspective throughout the research process that considers
how stakeholders and policymakers can apply this research towards the generation of
actionable solutions (Onwuegbuzie & Johnson, 2006). As the last step in this process, I
used Tashakkori & Teddlie's (2008) mixed methods quality framework and Onwuegbuzie
& Johnson's (2006) typology of mixed methods legitimation types to perform one final
screening for limitations. As such, limitations will be discussed in each of the
dissertation’s following three journal articles (i.e. Chapters 4-6).
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CHAPTER 4: MEASURING THE RELATIONSHIP BETWEEN BIRTH
REGISTRATION AND EDUCATIONAL ACCESS IN SUB-SAHARAN AFRICA
(ARTICLE #1)
4.1. Introduction
As the world becomes increasingly connected, whether through social processes
or intertwined financial systems, access to a quality education has often become a
prerequisite for opportunity. Sustained access to education, according to Little and Lewin
(2011), is essential for poverty reduction and inclusion, making it a key component of
development policy. Despite improvements in global progress towards the United
Nations’ Sustainable Development Goal (#4) of ensuring inclusive and equitable lifelong
learning opportunities for all, millions of young people remain left behind in the pursuit
for quality education (United Nations Economic and Social Council, 2020). The “access
challenge” remains greatest in Sub-Saharan Africa, where current (2019) enrollment of
young people in pre-primary, primary, and secondary education is several times less than
the number it would need to achieve universal enrollment goals by the year 2030 (United
Nations Children’s Fund, 2019a). Recognizing this trend, nearly 40% of educational
research in Africa from 2010 to 2018 addressed the thematic areas of “access to
education” or “equitable, inclusive education” (Mitchell et al., 2020). Evidence of
education disparities by gender, socioeconomic status, and geography shows that SubSaharan Africa (SSA) remains as a region warranting ongoing research into inclusive
visions of access (Kuépié et al., 2015; Lewin, 2009; Majgaard & Mingat, 2012).
This article seeks to fill a void in education literature by addressing an underresearched relationship between birth registration and access to education. Theoretically,
there are grounds to believe that birth registration could be added to the aforementioned
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list of disparities, where those children lacking birth certificates become left behind.
Millions of children across the world lacking official records of their birth are considered
“missing” or “invisible” from state institutions without such critical identity documents
(Ajmera & Fields, 2016; Sumner, 2015). The figure of children under the age of 5
without a registered birth – a key United Nations indicator for the monitoring of child
protection – was estimated to be at 166 million as of 2019 (United Nations Children’s
Fund, 2019e). Although there have been some instances where birth registration
precluded children from furthering their education beyond primary school, including the
author’s personal observations in Cameroon, it has largely been absent from substantive
academic research (Civil Registration Centre for Development, 2011; Crush &
Tawodzera, 2014; Kindzeka, 2017). Empirically, only Corbacho et al. (2012) and Apland
et al. (2014) offer rigorous glimpses into birth registration processes from a systematic
educational exclusion perspective. This relationship has therefore yet to be tested in a
Sub-Saharan Africa context, which is a region that lags behind other world regions in
both birth registration levels and educational outcomes (Roser & Ortiz-Ospina, 2016;
United Nations Children’s Fund, 2019e).
Sub-Saharan Africa will serve as the area of focus for this quantitative study, as it
is unclear whether the countries with low birth registration levels are also the same
countries where access to education is limited. This study sought to answer the question:
Is there a relationship between birth registration and educational access across the
countries in Sub-Saharan Africa since 2010, while controlling for GDP per capita and
rurality? A multiple linear regression model will help describe the relationship between
birth registration and access to education in Sub-Saharan Africa from 2010-2020. The
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methods section will both outline this empirical strategy and address the manner in which
this dataset was created and analyzed using openly accessible secondary data from the
United Nations Children’s Fund (UNICEF) and the United Nations Educational,
Scientific, and Cultural Organization (UNESCO). In the results section, descriptive
statistics will illuminate important trends in access by educational level while the
regression models will demonstrate an insignificant statistical relationship between the
key variables. The discussion section will situate these results within the scant body of
literature on the topic, highlighting limitations in international data accessibility. Finally,
intended for international/comparative education researchers and intergovernmental
policy experts, the article will conclude with research and policy recommendations
articulating the need for a spatial understanding of social and educational exclusion.
4.2. Background
A number of barriers exist at the primary-, secondary-, or tertiary-level education
levels across Sub-Saharan Africa, as access is far from being an equally shared
commodity, especially in a post-colonial context (Tikly, 2001). In fact, proxy measures of
access have allowed researchers to investigate any barriers to it across Sub-Saharan
Africa (Lewin & Sabates, 2011). In arguably one of the most detailed analyses on this
topic over the past decade, a World Bank report provided evidence of several inequities
among various populations, like girls or financially disadvantaged, that became widened
with each higher level of education beyond primary school (Majgaard & Mingat, 2012).
This was consistent with a Save the Children report about conflicted affected fragile
states, where poverty, urban/rural setting, gender, disability status, age, language, and
displacement were all identified as individual- or group-level barriers affecting access to
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education (Dryden-Peterson, 2009). These fragile states, which can describe many of the
conditions in Sub-Saharan Africa, “…are countries that are impacted by conflict, income
disparity, weak governance, and/or inequality in resource allocation” (p. 21). Even subregional and country-level studies have indicated disparities in their education systems
along these similar lines (Buckland, 2011; Kuépié et al., 2015). Relatively absent from
this seemingly endless list of barriers, however, is birth registration status, which is
interesting since birth certificates are often used as “passports” to key social services,
such as education or health care (Cappa et al., 2014).
Lacking a birth certificate or growing up without having had your birth registered
is one unfortunate way that individuals can be systematically excluded from the many
social benefits of being a country’s citizen. Individuals in these cases are effectively
“stateless,” and are deprived of accessing their legitimate claims to social services
(Bhabha, 2011). In fact, without such legal identity documentation, individuals have been
shown to suffer significant effects from their social exclusion, ranging from ongoing
conditions of poverty (Harbitz & Tamargo, 2009) to detrimental impacts to their human
development (Jeong et al., 2018). This is especially devastating as there have been
countless examples where, due to high costs of procurement or travel distances to civil
registrars, low levels of birth registration were tied to disparities among several
vulnerable populations, like indigenous populations, ethnic minorities, and those in the
poorest wealth quintiles (Dake & Fuseini, 2018; Hunter & Brill, 2016; Hunter &
Sugiyama, 2018; Issa & Mgaya, 2018; Mackenzie, 2008). One noteworthy example
highlighting the detrimental effects of low birth registration is that it has displayed
negative relationships with undernutrition in children and lower child vaccination levels
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(Brito et al., 2017; Comandini et al., 2016). If birth registration status is able to affect
such an essential human right as access to healthcare, then it is understandable to assume
that it could also impact one’s access to an education as well.
When examining these patterns of exclusion from a postcolonial lens, it becomes
clear that some of these social processes may not be an accident. In fact, non-recognition
was a characteristic of colonized populations, as civil registration and legal identity
processes were rooted in systems created by and for those in power during the colonial
era (S. Q. Jensen, 2011; Szreter & Breckenridge, 2012; Villet, 2011). A postcolonial lens
in educational research allows us to see the perspective of the excluded ‘Other’
populations in the Global South to understand the consequences of such colonial legacies
(Andreotti, 2011; Gandhi, 1998). The colonial era left a wave of marginalizing effects on
identities and communities, as the artificially drawn colonial boundaries have literally
shaped socio-cultural constructs crossing linguistic and ethnic geographies (Ali et al.,
2019; Müller, 2020; Touval, 1967). Civil registration systems, which often maintain a
country’s birth registration processes, is one institution that continues to witness logistical
and administrative challenges in Africa (Bequele, 2005; Bhatia et al., 2019). Many in this
region, especially, still live in areas with weak systems of civil registration (Mikkelsen et
al., 2015; Mills et al., 2017; Suthar et al., 2019). Thus, if these systems are tied to access
with vital services, then the degree to which they act as a barrier to vulnerable
populations is certainly deserved of scholarly attention.
The underlying theoretical argument driving this study was that some populations
in Sub-Saharan Africa might be confined to similar geographies of exclusion, where they
are both lacking birth registration and an access to education. Not only do civil
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registration systems have histories shaped by colonial powers, but the same might also be
exhibited in African countries’ education systems. In some cases, education systems in
Africa are structurally similar to their colonial-era versions (Shizha, 2005) and, in other
cases, the colonial-era investments in education systems (particularly in French-speaking
West Africa) have ties to modern educational outcomes (Huillery, 2009). Cameroon
represents a clear example of the lasting effects of colonization, as its colonial partition
among the French and British has resulted in parallel educations systems within the
country well into the 21st century (Dupraz, 2019). In terms of educational access, then,
this study sought to understand if country-specific situations, like that in Cameroon,
witnessed similar characteristics as other countries with similar colonial experiences. The
idea was to expose certain social structures, conditions, or barriers, like birth registration,
that were actually more regularly manifesting themselves across the region than
previously known.
4.3. Methods
4.3.1. Data Collection
This study relied upon a custom dataset developed by combining secondary data
from two United Nations entities – the United Nations Children’s Fund (UNICEF) and
the United Nations Educational, Scientific, and Cultural Organization (UNESCO).
UNICEF is the custodian agency for birth registration and other child protection
indicators, whereas UNESCO’s Institute for Statistics (UIS) is the official source for
internationally-comparable education data (United Nations Children’s Fund, 2020a;
United Nations Educational, Scientific and Cultural Organization, 2020c). Covering
nearly 200 countries and most of the developing world, according to Murray and Newby
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(2012), these UN data sources enable researchers to effectively conduct cross-national
analyses. With Sub-Saharan Africa as the specified region, a cross-national analysis aims
to differentiate country-specific peculiarities from social-structural regularities (Kohn,
1987). In other words, this data may help determine if birth registration acts as a barrier
to accessing education in a systemic manner throughout the region or not.
Merging indicators from multiple data structures required a few screening
decisions to ensure that any subsequent analyses would be conducted using complete,
clean, and consistent data across the region. This process began by exporting birth
registration and education data from UNICEF for the 49 countries of Sub-Saharan Africa.
A quick visual scan helped screen out countries with missing data across multiple
variables. Table 4.1 displays the omitted countries and the final countries included in the
regression analysis. The second step was to ensure that the dataset included only the most
recent data points for each country during the timeframe of 2010 to 2020. For reliability
purposes, all of the included UNICEF data needed to be sourced by the UNICEF
Multiple Indicator Cluster Surveys (MICS) or the U.S. Agency for International
Development’s (USAID) Demographic and Health Surveys (DHS) Program and the year
needed to be consistent (+/- one year) across variables for each country. These programs
are similarly structured, nationally-representative, household survey programs that are
conducted on multi-year frequencies in most low- and lower-middle income countries
(Ayede et al., 2018; Hancioglu & Arnold, 2013). This meant that some countries’ most
recent data dated back to 2010 as they have not had a more recent set of surveys across
each indicator. Finally, a VLOOKUP function was used to combine socioeconomic and
demographic indicators for each country (e.g. gross domestic product per capita and rural
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population %, respectively) from the UIS database with the UNICEF data. A final
missingness screening was then conducted and the complete dataset ultimately consisted
of n=40 countries across Sub-Saharan Africa for the data analysis phase.
Table 4.1: List of countries in Sub-Saharan Africa by inclusion or omission in this study

Included Countries (n=40)
Angola, Benin, Burkina Faso, Burundi, Cote
D’Ivoire, Cameroon, Central African
Republic, Chad, Comoros, Congo,
Democratic Republic of the Congo, Eswatini,
Ethiopia, Gambia, Ghana, Guinea, GuineaBissau, Kenya, Lesotho, Liberia, Madagascar,
Malawi, Mali, Mauritania, Mozambique,
Namibia, Niger, Nigeria, Rwanda, Sao Tome
and Principe, Senegal, Sierra Leone, South
Africa, South Sudan, Togo, Uganda, United
Republic of Tanzania, Zambia, Zimbabwe

Omitted Countries (n=9)
Botswana, Cabo Verde, Djibouti,
Equatorial Guinea, Eritrea, Gabon,
Mauritius, Seychelles, Somalia

Access to Education. Effective and congruent research guiding educational
policy hinges on at least some degree of commonality in the definition of access. In an
exploration of policy options to improve the delivery of basic education in developing
countries, Chimombo (2005) recognized that access could be defined in terms of
opportunity costs, gender, cultural attitudes, quality and effectiveness. In that sense,
access to education could appropriately be conceived as a combination of inputs, like
enrollment or attendance, and outcomes, like retention or completion. Lewin (2009)
advances a broad vision for access to education that includes access to acceptable staffing
and learning materials, progression through educational levels to successful ageappropriate completion, consistent attendance, and access to post-primary opportunities.
This wide understanding of access provides the subject with a strong theoretical
foundation. A narrowed scope, however, offers perhaps a more suitable empirical
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approach as evidenced by research strategies implementing composite measures of
educational access (Spaull & Taylor, 2015). As such, access to education here will
henceforth be considered a composite of those attending school (i.e. an input measure),
those not attending school (i.e. an indicator of exclusion), and those who have completed
school (i.e. an outcome measure). This article will therefore investigate factors that could
be acting as barriers to or enablers of a multifaceted conception of access.
Access to education was the outcome variable in this study and was analyzed at
the primary, lower-secondary, and upper-secondary school levels. This enables readers to
understand how access and its relationship with socioeconomic and demographic
conditions can vary by becoming more restrictive with each successive level of
education. This indicator was created using a composite variable of net attendance,
completion, and out-of-school rates for each country in the dataset. This is the first study
to operationalize access in this manner but it was influenced by Spaull and Taylor’s
(2015) composite measures of educational quantity and quality. Simple averaging is a
commonly used approach to create composite variables and was used here to reduce the
number of separate dependent variables by using one score for access (Song et al., 2013).
The first input into this average score was net attendance, which is arguably the most
straightforward indicator for access as it directly assesses the degree to which students
are enrolled in school compared to the total population of school-aged children (United
Nations Children’s Fund, 2019a). Completion rates, on the other hand, are useful when
considering access from an educational quality perspective, as the student life cycle and
can account for high incidence of drop out, low retention, or late completion (Spaull &
Taylor, 2015; United Nations Children’s Fund, 2020a). Finally, and perhaps most
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importantly, an out-of-school rate (using an inverted score) was used to address those
excluded from their education systems for entire academic years (UNICEF 2016).
Together, these variables are not only better suited for a quantitative analysis free of
multiple testing concerns, but they also could provide a useful framework when
considering a comprehensive idea of access in the future.
Birth Registration. Birth registration was the key predictor variable at the center
of this study, as the intent was to better understand how it related to educational access.
Unlike access to education, which required manual data manipulation to create a
composite variable, birth registration was a standalone variable in both the DHS and
MICS surveys. It was useful for this study as it is arguably the most well-established
global indicator related to birth registration. According to UNICEF (United Nations
Children’s Fund, 2019e), the standard indicator for birth registration is the percentage of
children under age 5 (0 to 59 months) with a birth certificate or whose birth was reported
as registered with civil authorities at the time of survey. This variable is calculated by
dividing the total number of children in the surveyed population by the number of the
number of children with a birth certificate or registration with civil authorities. Therefore,
countries with higher values likely have more well-functioning civil registration and vital
statistics (CRVS) systems (Mikkelsen et al., 2015). This study was built on a hypothesis
that the countries with stronger CRVS systems (i.e. a government institution) could
presumably also have stronger public education systems.
Controls. The model selection in a regression analysis is critically dependent
upon an optimal selection of control variables that limits omitted-variables bias (Arkes,
2019). Although birth registration is the key explanatory variable in this study, additional
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hypothesized barriers were needed to control for the diverse demographic and
socioeconomic conditions across Sub-Saharan Africa. There are differing opinions on the
optimal number of additional predictor variables with some creating specific formulas
based on sample size (Oliker, 1978) while others argue for as small a number of variables
as possible (Mahmoud et al., 2015). In general, Stevens (1996) recommends at least 15
cases per predictor variable, which means that 3 predictor variables for this study, where
n=40, is sufficient. In this study, two UIS-provided indicators, gross domestic product
(GDP) per capita and rural population percentage, were used in addition to birth
registration as possible explanatory measures of access to education. Not only are these
indicators supported by literature, but they also did not correlate highly with one another
in a correlation matrix, reducing the concern of multicollinearity issues. The former,
intended to be a proxy for socioeconomic status of each country, has been linked with
educational coverage (another synonym for access) at the post-primary education levels
(Majgaard & Mingat, 2012). Similarly, research into the latter suggests that there may be
something about rurality that affects access to education, particularly in developing
countries (Schafft & Jackson, 2010; Vasconcellos, 1997). One purpose of this article’s
regression model was to understand if these conditions have remained true following the
second decade of the 21st century.
4.3.2. Data Analysis
A multiple regression model was used to demonstrate the strength and direction of
the relationships between one key explanatory variable (birth registration), two control
variables (GDP per capita and rural population), and one dependent variable (access to
education) for n=40 countries across Sub-Saharan Africa between 2010 and 2020 (Arkes,
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2019). In doing so, the regression model sought to identify determinants/correlates across
these relationships (Wang et al., 2017). A multiple regression model accomplishes this by
allowing researchers to evaluate each independent variable for the amount of total
variation they explain in the dependent variable (McGrew Jr. et al., 2014). The multiple
regression equation, according to McGrew Jr. et al. (2014) can be depicted as follows:
𝑌 = 𝑎 + 𝛽1 𝑋1 + 𝛽2 𝑋2 + ⋯ 𝛽𝑛 𝑋𝑛
In this equation, Y is the dependent, or outcome variable, a is the Y-intercept, β is the
regression coefficient for each predictor variable and X is the value for each predictor
variable (p. 270). In this study’s equation, Y is the access to education composite variable,
X1 represents birth registration, X2 represents GDP per capita, and X3 represents the
percentage of population that is considered rural for each country. Discussed in further
detail below, this equation was applied at the primary-school, lower-secondary school,
and upper-secondary school levels for three total calculations.
The objectives from this multiple regression were to examine and potentially
uncover noteworthy results using both descriptive and inferential statistics. From a
descriptive perspective, the means and standard deviations, two measures of central
tendency, were important indicators for describing the location and dispersion,
respectively, of each variable across the countries in Sub-Saharan Africa (L. M. Sullivan,
2018). Doing so allowed one to make descriptive observations about trends in
accessibility and birth registration. On the inferential side, a hypothesis test was used to
determine if the coefficient estimates, β, for each variable were statistically significant
(Arkes, 2019). In this situation, the null hypothesis, H0, is that β=0, while the alternate
hypothesis, H1 is that β≠0. The p-value, or threshold for rejecting the null hypothesis, was
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set at a 5% significance level, or p<0.05. Hypothesis testing was critical for
understanding if any relationships between explanatory variables – birth registration,
GDP per capita, and rurality – and access to education were due to chance. Therefore,
descriptive and inferential statistics possess the ability to provide key information about
these variables in their own right while also combining with one another to further
explain such relationships.
Using the SPSS statistical software, the multiple regression analysis followed
Pallant's (2020) guide for performing the tests and interpreting their outputs. The first
step was to check for multicollinearity, which was not apparent in this study as there were
no bivariate correlations greater than .7 nor were there any issues with tolerance or
variance inflation factor (VIF). Next, an examination of the residual boxplots yielded no
major deviations from normality nor abnormal, systematic, patterns in the residuals. A
subsequent screening for outliers, however, uncovered one data point with Mahalanobis
and Cook’s distances that were far too high when compared to the rest of the dataset. As
such, the country of Gabon was removed and the regression analyses was run for a
second time. The analysis then required an evaluation of both the regression model itself
and each independent variable, individually, to assess statistical significance and size of
the coefficient estimates, β. Finally, the outputs were used to produce regression
equations that allow researchers to examine if birth registration affects access to
education across Sub-Saharan African, after controlling for GDP and rurality. The next
section outlines each of these results followed by a discussion that situates them within
the context of international education and development literature.
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4.4. Results
4.4.1. Descriptive Statistics
The descriptive statistics (see Table 4.2) indicate that education becomes more
inaccessible with each higher level beyond primary school. In the access to education
composite variable, the unit of measurement is percentage points (i.e. a range from 0 to
100), where the higher number represents greater access. Access to education shows a
declining trend of mean values with each educational level, as the mean at the primary
school level represents a 71.0% accessibility value, compared to 47.8% and 31.5% at the
lower- and upper-secondary education levels, respectively. Similarly, the standard
deviations follow the same trend, ranging from 16.1% for primary schools, to 15.1% for
lower-secondary schools, to 12.6% at the upper-secondary level. Birth registration and
rural population, also measured by percentages, displayed similar mean values of 56.9%
and 61.2% respectively.
Another way to describe the dataset is by directing attention to the large degree of
intra-region inequality, or variability, associated with socioeconomic/demographic
indicators. The standard deviation in rural population (SD=15.3) is nearly half as small as
birth registration (SD=26.4), however. GDP per capita, measured in U.S. dollars, showed
a mean of $1,533 and a standard deviation of $1,319. In other words, there was
tremendous variability here, as the standard deviation was almost as great as the mean
itself. The range for GDP per capita, from $275 (Burkina Faso) to $6,132 (South Africa),
had a skewed right distribution of the variable, illuminating this trend of inequality.
Finally, it is worth noting that all other variables were normally distributed.
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Table 4.2: Descriptive statistics

Variable (n=40)
M
SD
Access to Education – Primary
71.01
16.12
Access to Education – Lower Secondary
47.76
15.06
Access to Education – Upper Secondary
31.51
12.64
Birth Registration
56.92
26.44
GDP per Capita
1,532.63
1,319.18
Rural Population
61.23
15.31
Note. Unit for all variables except for GDP per capita (US$) are percentages (%)
4.4.2. Multiple Regression Results
Although the statistical significance of individual predictor variables is more
commonly reported than the overall significance of the model, the latter is noteworthy
here (Arkes, 2019). Table 4.3 contains the results of this study’s multivariate regression
analyses. When considered together, the three predictor variables – birth registration,
GDP per capita, and rural population – explained a portion of the variance in educational
access in a statistically significant (p < 0.05) manner across all three multiple regression
models – primary school, lower-secondary, and upper-secondary – in Sub-Saharan
Africa. The adjusted R2 indicator was more appropriate for this study than the R2 value
because of the small sample size, where n=40 (Pallant, 2020). The three explanatory
variables explained 13.3% of the variance in educational access at the primary-school
level (p < 0.05). They also explained 37.6% of the variance in access to lower-secondary
school (p < 0.001) and 35.1% of the variance in access to upper-secondary school (p <
0.001). In other words, the three predictor variables account for over two times the
amount of variance in access to education in secondary school than compared to primary
school.
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Table 4.3: Results of each multiple regression analysis

(Constant)

Access:
Primary
68.946
(14.948)

Access:
Lower-Secondary
54.575
(11.844)

Access:
Upper-Secondary
40.551
(10.147)

Birth registration

0.044
(0.098)

0.008
(0.077)

-0.055
(0.066)

GDP per capita

0.004**
(0.002)

0.006**
(0.002)

0.005**
(0.001)

Rural population

-0.117
-0.258*
-0.217*
(0.181)
(0.144)
(0.123)
R-Squared
0.200
0.424
0.400
Adjusted R-squared
0.133
0.376
0.351
No. observations
40
40
40
Note. Parenthetical values represent the standard errors. Asterisks, *, **, indicate
significance at the 90%, and 95% levels, respectively.
Multivariate regression analyses are useful because they can uncover which
predictor variables in a model are making statistically significant unique contributions to
the equation (Pallant, 2020). In this case, the coefficient estimate (β), for the key
explanatory variable, birth registration, was not significant in its relationship with access
to education at any education level. Furthermore, the coefficient estimates for rural
population % were not significant in any model at a 5% significance but they were
significant at a 10% level at the lower- and upper-secondary school levels (p = 0.081 and
p = 0.085, respectively). The coefficient estimates for GDP per capita, on the other hand,
were statistically significant in all three models. Therefore, the null hypotheses could
only be rejected for GDP per capita in this study as there was statistically significant
evidence that its coefficient estimates were different from 0 (Arkes, 2019). Holding other
variables constant, then, countries with higher GDP per capita can be expected to also
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display greater access to education. Finally, the coefficient estimates for all variables in
each model were very small in absolute terms (β < 0.3). For example, a one percent
increase in birth registration would only increase primary school access by 0.044%.
Interestingly, the coefficient estimates were largest (ranging from -.12 to -.26) in the rural
population variable while also carrying negative values. This meant that for each
percentage point increase in rural population, access to education was expected to
decrease.
The final component of the multiple regression analysis was to insert the results
into updated regression equations for access to education at each level of schooling.
Modifying the model from McGrew Jr. et al. (2014), the three regression equations can
be expressed as:
𝑌𝑝𝑟𝑖𝑚𝑎𝑟𝑦 = 68.9 + 0.044𝑏𝑖𝑟𝑡ℎ + 0.004𝐺𝐷𝑃𝑐𝑎𝑝 − 0.117𝑟𝑢𝑟𝑎𝑙
𝑌𝑙𝑜𝑤𝑒𝑟 = 54.6 + 0.008𝑏𝑖𝑟𝑡ℎ + 0.006𝐺𝐷𝑃𝑐𝑎𝑝 − 0.258𝑟𝑢𝑟𝑎𝑙
𝑌𝑢𝑝𝑝𝑒𝑟 = 40.6 − 0.055𝑏𝑖𝑟𝑡ℎ + 0.005𝐺𝐷𝑃𝑐𝑎𝑝 − 0.217𝑟𝑢𝑟𝑎𝑙
In these models, Y is the outcome variable at the three levels of education (marked by
italicized subscript), followed by the Y-intercept and the regression coefficient for each
explanatory variable. Although these models are unique to Sub-Saharan Africa between
2010 and 2020, they offer a useful side-by-side comparison to identify trends by
education level. Not only does the decreasing Y-intercept become apparent by successive
education levels, but so too does the consistently small β values for GDP per capita and
the negative sign for rural coefficient estimates. Considered together, the descriptive
statistics and these multivariate results offer unique contributions to the educational
policy literature, as shown below.
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4.5. Discussion
In some countries, access to various state services and social protections is
dependent upon the possession of a birth certificate, which is especially problematic in
developing countries, where weak civil registration systems have failed to provide
millions of individuals with their rightful legal identities (Dahan & Gelb, 2015a; Hunter
& Brill, 2016). The purpose of this article was to examine the accessibility of one of these
services, public education, in the context of birth registration in Sub-Saharan Africa
between 2010 and 2020. Holding geographic and socioeconomic factors constant, this
article advanced a multiple regression model that allowed for comparisons at successive
levels of education – primary, lower-secondary, and upper-secondary. While the model
did reveal significant and nearly-significant evidence that GDP per capita and rurality,
respectively, affect access to education, the key explanatory variable of birth registration
failed to yield statistically significant evidence worthy of rejecting a null hypothesis.
Despite the lack of a unique statistical contribution, birth registration nonetheless
remained a component of a regression model that explained 30% - 40% of the variance in
educational access at multiple levels. This consideration, when paired with descriptive
statistics, certainly illuminates how access to public education becomes more exclusive
beyond primary school. The rest of this section will situate these key findings among the
relevant literature, setting the stage for a conclusion that offers clear research and policy
recommendations.
4.5.1. Birth Registration
The fact that birth registration did not have a statistically significant impact on
access to education was not consistent with results from the few other studies with similar
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aims. For example, Apland et al. (2014) found that participants’ possession of a birth
certificate made them more likely to have attended age-appropriate education and less
likely to discontinue their education in India, Kenya, and Sierra Leone. Similarly,
Corbacho et al. (2012) found significant evidence in the Dominican Republic that
children without birth certificates had lower educational attainment than those with them
and were especially likely to be excluded during the transition between primary and
secondary school beyond grade 8. In fact, the model presented in the study on SubSaharan Africa was built on this assumption that birth registration might inhibit access to
education beyond the primary-school level. The assumption resulted from the author’s
personal experience in Cameroon and a finding by Corbacho et al. (2012) that initial
access to the educational system (i.e. entry to primary school) was not correlated with
birth registration. This means that the transition from primary to secondary school in SubSaharan Africa was not impacted by birth registration as expected based on prior
research.
Despite findings that were contradictory with prior research, this study makes a
unique contribution to international education and development literature. First, the scope
of the study, with a regional emphasis on Sub-Saharan Africa, was much wider than those
of Apland et al. (2014) or Corbacho et al. (2012). Ambitious efforts are necessary,
however, to understand the extent to which birth registration can hinder educational
access beyond the limited examples in India, Kenya, Sierra Leone, and the Dominican
Republic. After all, the combination of academic research in these examples as well as
news stories of this problem occurring in Cameroon, Zimbabwe, and Vietnam suggest
that there is a need to address it within their geography-specific contexts (Crush &
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Tawodzera, 2014; Kindzeka, 2017; Lam, 2001). Again, there was justified reason to
assume that geography mattered when it came to institutional processes (e.g. civil
registration and education systems) because many education systems in Sub-Saharan
Africa have remained structurally similar to their colonial-era forms (Shizha, 2005) and
because these systems have generated common structures of schooling and pedagogy
(Tikly, 2001). In that case, perhaps a sub-regional (e.g. West Africa, East Africa, etc.)
might be a more appropriate unit for a follow-on analysis. There still could be a
relationship between birth registration and access to education in one of these smaller
units that became overshadowed by the quantitative analysis that included too many
countries in dissimilar areas.
The fact that birth registration did not offer a statistically significant contribution
to the variance in educational access does not mean that we can dismiss a relationship
between these variables altogether. After all, some authors have recently argued that
finding statistical significance should not necessarily be the goal of regression analyses as
there are other meaningful considerations of inquiry (Arkes, 2019; McShane et al., 2019).
Recognizing the absence of significance in this study, as well as the utility of alternative
methods for examining relationships between variables, scatterplots were employed here
to visually inspect how birth registration related to access at each educational level. As
expected (based on the regression analyses), none of the scatterplots demonstrated strong
or even moderate correlations, a measure of effect size, between variables (G. M.
Sullivan & Feinn, 2012). However, the scatterplot at the primary school level revealed a
fascinating cluster of data points representing countries that neighbor one another,
geographically (see Figure 4.1).
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Figure 4.1. Scatterplot of Birth Registration and Access to Education at the Primary-School Level

The encircled countries of Benin, Senegal, Mali, Burkina Faso, and Niger, are all
West African countries that lie in one contiguous pattern, spatially. They also appear to
demonstrate similar conditions where birth registration is relatively high (compared to the
data set) yet access to primary education is relatively low. This creates an interesting case
for a multivariate spatial analysis, where one can examine how the variables relate to one
another over a geographic space. In turn, this might help us understand why there are
some clusters of countries, like those encircled in Figure 4.1, that have similar
circumstances pertaining to these variables of interest. In other words, is there something
about the human geography of this area that results in lower educational access despite
similar birth registration levels as other countries in the region? This question may not
have arisen without an initial quantitative analysis and it is beyond the scope of this
paper, though it is covered in a subsequent and related spatial article (Griffin 2021c).
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4.5.2 Explanatory Variables
The statistically significant finding that GDP per capita was positively associated
with access to education aligned with previous research and further strengthens that body
of literature, both generally and in Africa, specifically. A few key global studies, with
over 80 countries each, provided empirical evidence that the economic characteristics of
countries both limited access to secondary education and overall years of schooling
(Checchi, 2003; Thomas et al., 2001). While Checchi’s study used GDP per capita as a
control for the degree of development, Thomas et al.’s paper focused on the variable as
the key explanatory variable. In the latter case, increases in per capita GDP were
positively related to the labor force’s average years of schooling, an indicator that
country-level wealth does relate to educational access. The findings presented in this
study on Sub-Saharan Africa are noteworthy as GDP per capita demonstrated a
statistically significant relationship, albeit a very small one, with access to education at
the primary- and secondary-education levels.
In an African context, more recent studies have demonstrated similar relationships
between socioeconomic status, levels of development and school attendance/quality in
Nigeria and Botswana (Kazeem et al., 2010; Mbulawa & Mehta, 2016). Interestingly,
Mbulawa & Mehta’s (2016) paper showed a unidirectional causality between economic
development and access to education in Botswana, whereas Oketch (2006) found
economic growth (measured by GDP per capita growth) to have a two-way causal flow
with investment in education. This is an important consideration because it provides
ample reason to suggest that educational investments may also need to be included in any
future studies about access to education in Africa. The main question, here, is to
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understand if access to education and educational investment have any degree of
meaningful relationship. If so, the study on birth registration and educational access
might be worth revisiting with educational or other social service expenditures additional
controls depending on the accessibility of quality data. This will be discussed further in
the recommendations for research below.
In light of the findings surrounding GDP per capita, it is also not surprising that
rurality affected access as those from poorer and more rural households have been shown
to have severely limited access to education (Majgaard & Mingat, 2012). This urban/rural
divide in access to education may not be a simple function of geography (e.g.
distance/travel time to primary- or secondary-school), however, as Kazeem et al. (2010)
found the gap to shrink after controlling for household wealth. From a similar critical lens
towards the urban/rural geographies, we should be careful from concluding that rurality
affected access to education at any particular education level despite the fact that some of
the rural population values were significant at the 10% threshold, as described in the
previous section. There have been some discrepancies in prior research, for example, as
some have argued that the urban/rural gap in educational access is greater in pre-tertiary
(i.e. secondary) education (Anlimachie & Avoada, 2020; Lewin, 2009), while others
found that access was widest among the youngest groups of rural children (Kuépié et al.,
2015). A deeper investigation into geography is beyond the scope of this paper, although
it is clear from a brief scan of literature that gender gaps in educational access should go
hand-in-hand with those examining social conditions of rural women across Sub-Saharan
Africa, in particular (Ingutia et al., 2020; Porter, 2011). Furthermore, the educational
experience found within rural African communities is a social justice issue and that,
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“…all endeavors to social injustices with regard to rural education should be
characterized by difference, attributable to diversity in rurality” (Hlalele, 2012, p. 117).
4.5.3. Limitations
From a statistical power standpoint, this study was limited by a relatively small
sample size for a multiple regression analysis (n=40). Although Jenkins and QuintanaAscencio (2020) argue that regression analyses can be used at n ≥ 25, the small sample
limited the number of independent variables that could appropriately be used, as
described in the methods section above. Therefore, this study could only control for one
socioeconomic (e.g. GDP per capita) and one demographic (e.g. rural population %)
variable. This left out a variety of possible explanatory variables that may be more
appropriate for the contexts specific to Sub-Saharan Africa. For example, the study by
Apland et al. (2014) noted that mothers’ education levels, access to better living
conditions in the household, and gender of the student all mattered when presenting
statistically significant relationships between birth certificate holders and those attending
age-appropriate education. However, a trade-off occurs here because their study was
limited by the fact that it was not nationally representative of the countries’ populations
for its three-country study whereas this paper was able to look comparatively across a
region (e.g. Sub-Saharan Africa). Given that large disparities in birth registration data
exist globally, these decisions will likely continue to plague researchers focused on lowand middle-income countries (Phillips et al., 2018).
An additional limitation in this study is the omission of 9 countries out of 49 total
countries in Sub-Saharan Africa. As mentioned above, Botswana, Cabo Verde, Djibouti,
Equatorial Guinea, Eritrea, Mauritius, Seychelles, and Somalia did not meet the screening
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criteria and were subsequently excluded from the regression analyses. While some of
these are island nations (Cabo Verde, Mauritius, and Seychelles), others (notably
Djibouti, Eritrea, and Somalia) have experienced a fair degree of armed conflict or social
unrest over the last decade (De Waal, 2015). It is plausible, then, that the omission of
these countries might have had at least a minor effect on the regression result, especially
since there has been substantial evidence of conflict acting as a barrier to educational
access (Dryden-Peterson, 2009; Justino, 2014; A. Smith, 2014). Furthermore, the
conflict-affected countries omitted from this study due to a lack of data are clustered in
the Horn of Africa. This in itself may warrant additional attention from a human
geography perspective as there could be omitted variable bias due to a range of
geographic, demographic, or other social conditions. Again, the solution to such a
limitation may be reducing the scope of a study to a sub-regional level. However, as
Apland et al. (2014) reminded readers, these early studies on birth registration and
educational access are better served as indicators of possible trends than as concrete
results transferrable to other geographical contexts.
One final component of this study that could be interpreted as a limitation is the
operationalization of access to education using a composite variable. Araya-Ajoy et al
(2018) recognize a certain trade-off occurs when using composite variables. On one hand,
composite measures can sometimes compound sampling or measurement errors (i.e. from
aggregating separate components), but, on the other hand, single composite measures can
be easier to estimate and/or interpret. According to Allen (2017), the key to clearly
operationalizing a variable is to support the conceptualization of such concept with a
strong theoretical foundation. The study presented in this article might face criticism,
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then, because it is the first of its kind that operationalizes educational access using the
specific combination of attendance, out-of-school, and completion indicators. Therefore,
it has been untested in empirical research until this point, meaning that there could be
some credible concerns of reliability.
Although these concerns with composite variables are understandable, it can be
argued that they are unnecessary. First, empirically, Spaull & Taylor (2015) set a
precedent for the use of composite educational measures in Africa and demonstrated how
combining indicators actually helped overcome earlier limitations where studies focused
primarily on educational quality or quantity. Second, conceptually, some have
maintained that it is critical for educational access to be defined in terms of both inputs,
like enrollment, or outputs, like completion outcomes (Lewin, 2009; Little & Lewin,
2011). In this model, a truly inclusive and accessible education system is one that is
highly attended, results in few out-of-school children, and sees high quantities of
completions. Thus, a comprehensive conception of access, or a composite measure, is not
only easier to analyze in a statistical analysis, like Araya-Ajoy et al. (2018) mentioned,
but it also is fundamentally a more inclusive model of access.
4.6. Conclusion
This study was the first of its kind to examine the relationship between birth
registration and educational access at a regional level, using Sub-Saharan Africa as the
study area. The purpose was to build on previously cited studies that found statistically
significant relationships between these variables of interest across a few selected
countries. Although this paper did not find significant results with regard to the effect of
birth registration on educational access, the fact that it yielded contradictory findings to
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those studies shows that research has barely scratched the surface on this topic. Instead,
this paper yielded important results elsewhere, highlighting the impacts of GDP per
capita and the urban/rural divide in terms of educational access. Both sets of findings
result in opportunities for future researchers and practitioners alike in the field to help
address the large inequities in educational access and the tens of millions of unregistered
children across the region. This paper concludes by offering recommendations for each in
the remainder of this section.
International and/or comparative education researchers could benefit from both a
change in methodology and in geographic scope to guide further research into the
relationship between birth registration and access to education. The reason for this claim
is due to the contradictory findings found throughout the limited research on this subject
to date (see section 4.2 above). Even within studies (see Apland et al.), there have been
contradictions between quantitative and qualitative findings, with the latter yielding less
evidence of an existent relationship than the statistical results demonstrated. Additionally,
the presence of documented instances where birth registration acted as a mechanism for
exclusion suggests that further research is warranted (Crush & Tawodzera, 2014;
Kindzeka, 2017; Sumner, 2015). As such, one recommendation for Sub-Saharan Africa
would be to widen the methodological framework to include qualitative or even spatial
analysis techniques. The purpose here would be to uncover clusters within the region,
whether within a single country or in a cluster of neighboring countries, where a possible
relationship may exist. A starting place might be in/around the places of these
documented instances, like Cameroon (Kindzeka, 2017) or Zimbabwe (Crush &
Tawodzera, 2014). In either case, the methods should continue to view access as a
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combination of school enrollment, quality, and completion at multiple educational levels
to help understand not just if, but also where and how¸ barriers to education manifest
themselves throughout the region.
Should this further research uncover clusters of disparities in educational access,
it would help key intergovernmental development organizations, like UNICEF or
UNESCO, plan assistance initiatives with better geographical precision. This is important
as any educational reform efforts rely on effective strategies that recognize these contextspecific and diverse needs that are more inclusive of all learners (Chimombo, 2005). As
an example, pursuits of universal educational access provision in the global South, and in
Africa, specifically, may be more aptly suited for non-formal basic education
programmes (Little & Lewin, 2011). Alternatively, this further research may reinforce the
personalized stories cited above, which raised issues with educational access in the
transitions to secondary education levels. These are consistent with this study’s
descriptive trends in diminishing access by successive education levels and its inferential
findings related to GDP per capita and rurality. In sum, any development programs
targeting educational access must also recognize these other socioeconomic and
demographic variables at hand. In these cases, governments and/or aid organizations
should simultaneously consider interventions targeting poverty reduction or strategies
addressing the reasons (i.e. child labor) why adolescents remain out of school (Justino,
2014). In other words, there is much work that can be done to address both the shortfalls
in birth registration and in educational access across Sub-Saharan Africa in tandem with
one another, whether or not a statistical relationship exists among the two.
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CHAPTER 5: EXAMINING THE GEOGRAPHIES OF EDUCATIONAL ACCESS
AND BIRTH REGISTRATION IN SUB-SAHARAN AFRICA (ARTICLE #2)
5.1. Introduction
Spatial distributions of social or ecological phenomena are important for
understanding if patches and/or gradients in their observed values exist over a given
geographical space (Legendre, 1993). In one poignant example, Tikly (2001) proposed a
conceptual framework of exclusion in Sub-Saharan Africa, offering readers with
foundational insight into the general commonality among postcolonial, low-income
countries. This showed how education systems in these areas continued to solidify
colonial-era social structures over time, thereby perpetuating limited opportunities for
social mobility. This is not uncommon to the African continent, where an unfortunate
legacy of lingering social problems has been, at least in part, due to geography, as
artificially drawn borders cut through linguistic or ethnic populations (Ali et al., 2019; W.
F. S. Miles, 2014; Nettle, 1996; Rudincova, 2015; Touval, 1966). It is not surprising,
then, that evidence of spatial dependencies, or clusters, between various social variables
can be found in Africa (O’loughlin & Anselin, 1991). A key question in social science or
geographical research is whether social variables, like birth registration levels or
educational indicators, are consistent throughout the region or if they are, in fact, legacies
of a manufactured human geography.
This study will build upon the few scholarly publications highlighting access to
and exclusion from key social services, like public education, in Sub-Saharan Africa.
Tikly (2001) laid the theoretical foundation for this topic in a theoretical framework that
reviewed social exclusion in the context of a rapidly globalizing world at the turn of the
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millennium. Shifting to an empirical viewpoint, Majgaard and Mingat (2012) displayed
the first robust, comparative analysis of disparities in the education systems in the region,
finding accessibility disparities by socioeconomic status, gender, rurality. That study,
exhaustive as it was, failed to include any mention of birth registration as one of the
many factors that may shape a student’s entry into various educational levels (e.g.
primary, secondary, etc.). This is a notable omission, especially since Apland et al.
(2014) and Corbacho et al. (2012) conducted in-depth statistical analyses demonstrating
significant relationships between birth registration levels and access to education in the
few countries they examined. Those studies left a gap in the literature with none having
explored this relationship on a regional level. Finally, a recent study by Ahmed et al.
(2019) is the only to use GIS tools to map the extent of spatial inequality in access to
learning in an African context (Ethiopia). For educational research, that study provided a
compelling case for the use of spatial methods in understanding whether educational
access is equitably distributed. Again, with an emphasis solely on one country, an
opportunity was missed for cross-country comparative analysis.
Seeking to fill these gaps in both content and methodology, the study will unfold
in the following manner. First, a brief background section will cover an overview of the
problem that is social exclusion in Sub-Saharan Africa while simultaneously setting the
methodological foundation with the review of an influential spatial study driving this
research. Second, the methods section will discuss the spatial research design by showing
how it is the natural evolution beyond Griffin’s (2021a) quantitative analysis on the same
topic. Special attention will be given to describe the specific geographic research
methods, choropleth mapping and spatial autocorrelation, since this study is intended for
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educational policy audiences, with whom these concepts might be foreign. The results
section will cover both the descriptive and inferential findings associated with such
methods, allowing readers to clearly visualize trends in educational access and birth
registration across Sub-Saharan Africa. The discussion section then reminds the audience
of the unique contributions of this study to international education research. Finally, the
article concludes with recommendations for further policy and research, notably
recognizing the need for better integration of geographic and quantitative analyses in
cross-national, comparative, research in the social sciences.
5.2. Background
This article was intended to address a problem of social exclusion in Sub-Saharan
Africa, where inequalities in educational access continue to disenfranchise vulnerable
youth. A range of systemic barriers to quality schooling, ranging from nationality status
to gender, have persisted across this region, leaving individuals behind in their pursuits of
better opportunity through education (Buckland, 2011; Dryden-Peterson, 2009; Lloyd et
al., 2005). Not only does this region trail most, if not all, other world regions in terms of
literacy and net attendance rates, but there were an estimated 260 million children out of
school in Sub-Saharan Africa as recent as 2016 (Roser & Ortiz-Ospina, 2016; United
Nations Educational, Scientific and Cultural Organization, 2018). The stakes to persisting
inequalities are high, as barriers to the provision of education in concentrated geographic
areas have been considered as factors contributing to and/or exacerbating civil instability
across several countries in the Global South (Brock, 2011; Burde et al., 2017; DrydenPeterson, 2009; King, 2011; Østby et al., 2019). Østby (2019) reviewed over 40 studies
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examining the relationship between education and civil conflict, yet none of the studies
examined individual barriers to educational access, such as birth registration. This is
problematic, as Hunter (2019) showed how the lack of a birth certificate can prevent
children from entering school systems, progressing between levels, or from exiting with a
credential.
When one is excluded from their rightful claim to social services due to a missing
birth certificate, they are essentially left behind at the starting line. Other metaphors for
these circumstances see the individuals as, “missing,” or “hidden in plain sight,” both of
which make the point that children without birth documentation are essentially invisible
from state institutions (Ajmera & Fields, 2016; Sumner, 2015). These critical documents,
which provide the basis for one’s legal identity, therefore act as mechanisms of social
exclusion, precluding children (whom are already vulnerable in Sub-Saharan Africa)
from accessing key social services, like education or healthcare (Brewer et al., 2015;
Chereni, 2017; Hunter, 2019). This is especially worrisome as many of the civil
registration systems in Sub-Saharan Africa were emplaced by colonizers decades ago and
still create conditions of exclusion and marginalization today (International Institute for
Vital Registration and Statistics, 1988; R. J. Johnston et al., 2000). Consequently, SubSaharan Africa is the world region with the highest number of unregistered children
under the age of 5, at an estimated 166 million children (United Nations Children’s Fund,
2019e). This places the region at a tremendous risk of failing to meet the United Nations’
Sustainable Development Goals 4 and 16, for ensuring inclusive/equitable quality
education and provide legal identities, including birth registrations, for all by 2030,
respectively (United Nations Children’s Fund, 2017).
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Given that Sub-Saharan Africa possesses several of the world’s lowest countrylevel values in both birth registration and educational indicators, there was reason to
believe that geographical pockets within the region where these variables clustered
together (Roser & Ortiz-Ospina, 2016; United Nations Children’s Fund, 2019e). On one
hand, there were individual instances where birth registration acted as a barrier to
furthering one’s education beyond the primary level across opposing corners of the
region, from Cameroon to Zimbabwe (Crush & Tawodzera, 2014; Kindzeka, 2017). On
the other hand, a recent quantitative study found that no such relationship of statistical
significance existed between birth registration and educational access across Sub-Saharan
Africa over the last decade (Griffin, 2021a). That study, however, offered only a macro,
regional-level, statistical analysis and, furthermore, its relatively small sample size
(n=40) could have potentially masked trends found within the variables themselves. A
natural next step in geographic and mixed methods research is to employ alternative tools
that can further explore the spatial distribution of such variables and/or explain these
initial quantitative results, respectively (Creswell & Plano Clark, 2018; McGrew Jr. et al.,
2014). After all, the spatial dependence of social phenomena, or clustering of them, has
been shown to be strongly present in Africa (O’loughlin & Anselin, 1991). This article
therefore sought to answer the question: Is there is a non-random pattern in the spatial
distribution of the educational access and demographic variables presented in Griffin’s
(2021a) multiple regression analyses?
A valuable predecessor to this article was the work of A. Y. Ahmed et al. (2019),
as they explored the spatial inequality of access to meaningful learning in Ethiopia. Their
work was influential to this study for two key reasons. First, they used geographic
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information systems (GIS) to show how access to substantive learning was not equitably
distributed within the Amhara region of Ethiopia. As mentioned in section 5.1, they
recognized that social phenomena could have vast geographical variations within a
certain study area. The study presented below will expand the scope to include an
investigation of educational access beyond Ethiopia (e.g., to the countries of Sub-Saharan
Africa), but it is critical to credit A.Y. Ahmed et al. with proving that examining this
topic, spatially, was a rigorous and effective model. Second, like Spaull and Taylor
(2015), they operationalized access to education using a composite measure from
multiple indicators that covered educational access and educational quality. In fact, they
argued, “…the rationale to conceptualise and operationalise a combined measure of
educational access and quality is logical in the context of expanding education systems”
(p. 577). Although the study below operationalized access slightly differently – as a
composite of net attendance, out-of-school rates, and completion rates – the key here is
that both studies were conceptualized using an expansive vision of access that recognized
and incorporated the complexity of such a topic. Doing so allows readers to gain a deeper
understanding of the way that access to education is distributed, spatially.
5.3. Methods
The research design for this study could be described as a cross-national area
pattern analysis, a phrase that joins two key elements. The first element, the crossnational piece, is an analysis technique that enables researchers to examine an entire
study region to understand if observed trends are due to country-specific peculiarities or
social-structural regularities across the area (Kohn, 1987). This element essentially
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defines the geographic scope of the study and units of analysis, which in this case is
countries within Sub-Saharan Africa. As the term implies, an area pattern analysis is
appropriate for studying practical problems in geography where patterns may emerge
from the attribute values assigned to neighboring geographic areas (e.g. towns, districts,
countries, etc.) (McGrew Jr. et al., 2014). A benefit of area pattern analyses is that it can
be descriptive and/or inferential, allowing researchers to uncover spatial trends in
multiple ways (Savigny & Wijeyaratne, 1995). For example, a researcher can employ a
choropleth map to describe the dataset, much like a histogram describes the data in a
quantitative analyses, according to Savigny and Wijeyaratne. Likewise, similar to a
Pearson’s correlation test in a quantitative study, a Moran’s I test can be used to infer
relationships within the spatial dataset and even offers similar correlation values, ranging
from -1 to 1 as an indicator of relational strength (Bolstad, 2016). The following section
outlines the ways in which both techniques were used to examine the geographies of
educational access and demographic indicators across the countries of Sub-Saharan
Africa.
5.3.1. Data
This study drew from secondary datasets assembled by two mission-similar
entities, the United Nations Children’s Fund (UNICEF) and the United Nations
Educational, Scientific, and Cultural Organization (UNESCO). These are two of the
world’s leading agencies for officially recorded data about birth registration, child
protection, and internationally-comparable education data (United Nations Children’s
Fund, 2020a; United Nations Educational, Scientific and Cultural Organization, 2020c).
Both datasets actually follow rigorous quality control processes to aggregate data sourced
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primarily through UNICEF Multiple Indicator Cluster Surveys (MICS) or the U.S.
Agency for International Development’s (USAID) Demographic and Health Surveys
(DHS) Program, two nationally-representative household survey programs spanning most
low- and lower-middle income countries (Ayede et al., 2018; Hancioglu & Arnold,
2013). Since this article was intended to be a spatial follow-up examination of Griffin’s
(2021a) quantitative analysis, it is recommended to see that preceding article for a
detailed description of the secondary dataset itself.
In summary, however, Griffin’s study focused on six variables in a multiple
regression model across an n of 40 countries in Sub-Saharan Africa between 2010 and
2020. The key outcome variables were access to education at the primary-school, lowersecondary, and upper-secondary education levels. In each of these three variables, access
to education was defined as a composite of net attendance, out-of-school, and completion
rates, allowing for a thorough and comprehensive perspective of access. The key
explanatory variable was birth registration, measured by the percentage of children under
age 5 (0 to 59 months) with a birth certificate or whose birth was reported as registered
with civil authorities at the time of survey. Further explanatory variables representing
socioeconomic status and demographic characteristics were gross domestic product
(GDP) per capita and the percentage of each country’s population that was defined as
rural. The purpose of the latter three explanatory variables in Griffin’s study was to
understand if they could explain the variance in access to education across the successive
education levels in Sub-Saharan Africa.
Based on the results of Griffin’s (2021) three multiple regression analyses, all six
variables were included in this subsequent spatial analysis presented here. There, birth
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registration, GDP per capita, and rurality, when considered together, significantly
explained roughly one-third of the variance in access to education at each schooling level.
As McGrew Jr et al. (2014) argued, a natural next step in the research process, from a
geographer’s perspective, is to critically examine the spatial distribution of the variables
themselves to highlight any unique clustering or non-random dispersion. Similarly,
although birth registration did not have a statistically significant unique contribution to
the explanation of educational access, the models themselves warranted a deeper
empirical investigation. According to Arkes (2019) and McShane et al. (2019), however,
there are other effective ways of analyzing a research problem beyond simply hunting for
statistical significance between variables. This is one key benefit of sequential mixed
methods, where one strand of data is analyzed and interpreted to then determine how best
to further make sense of those findings with subsequent research (Creswell & Plano
Clark, 2018). Furthermore, the decision to include more variables was one of
pragmatism, hopeful that it may provide future social science researchers with a general
baseline understanding of how these social conditions manifest themselves across the
region.
5.3.2. Analysis
Choropleth mapping. One of the key drivers of this study was a need to
visualize the variables of interest (birth registration, access to education, etc.) across SubSaharan Africa to facilitate an easier pursuit of pattern recognition or clustering. The
ArcGIS platform was best suited for this project since it is a geographic information
system (GIS) that allows users to identify characteristics of geographic places and
perform sophisticated spatial analyses (Law & Collins, 2015). The first step in this
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study’s analysis phase was to assess the six key variables, descriptively, by presenting
them on maps in which their values were divided into classes and depicted across
geographical units, or countries, across the study region (Savigny & Wijeyaratne, 1995).
By classifying data this way, McGrew Jr. et al. (2014) argue, “…communication is
enhanced, detailed spatial information is better understood, and complex spatial patterns
are represented more clearly” (p. 27). One of the most common ways of doing this is
through the use of a choropleth map, where land areas, like countries, are shaded
according to continuous or categorical data values (Ballas et al., 2017).
Ballas et al. (2017) point out that creating thematic maps and geovisualizations,
like choropleth maps, can be accomplished in many ways, requiring the researcher or
cartographer to make key choices in the classification scheme and visualization technique
to best fit their objectives. The former is arguably the most important decision, as the
number of classes, or groups of similar values, will dictate how much variability there is
on the map. This study was specifically interested in the potential clustering of
educational access, lending itself to an equal intervals scheme. Here, the range of values
within each variable was subdivided into five equal classes to determine which countries,
if any, were clustered around a specific class or if they were randomly dispersed across
the five classes. Much like the common statistical significance level of 0.05 in
quantitative analyses, the five-class model represents a common number of choropleth
classes for cartographers interested in mapping geographic patterns (McGrew Jr. et al.,
2014). An example of this model would be if the values for a particular variable in the
dataset ranged from 20 to 80 (i.e. a range of 60), then each of the five classes would
represent 12 percentage points. Each class is then assigned a color or shade, based on the
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visualization technique, so as to group the geographic units (in this case, countries in
Sub-Saharan Africa) according to their attribute values.
The second decision in creating the choropleth maps for this study was more of a
stylistic one, which is a reminder of the art that is cartography. In Figures 5.1 through 5.6,
readers can see how the educational access variables (see Figures 5.1-5.3) follow a blue
gradient scheme, while the demographic variables (see Figures 5.4-5.6) follow a green
gradient. This was a stylistic decision intended to especially serve readers coming from
the preceding article (see Griffin, 2021a), where the now-blue maps represent outcome
variables, and the now-green maps represent the explanatory ones. Furthermore, the
contrast differences, where a darker shade in some maps corresponds to a higher value
for a variable or a lower value in other maps, were designed so that important elements
would clearly stand out to viewers, a critical component to thematic mapping (Ballas et
al., 2017). Again, referencing Griffin’s (2021) prior study, this was important to depict,
visually, since higher levels of rurality but lower values of birth registration were
assumed to relate with educational access. It is therefore critical to examine the scale of
each map prior to one’s interpretation. With these maps produced, they could serve both
as a baseline for inferential spatial analysis and as a standalone product for depicting the
spatial distribution of key educational and/or demographic variables of interest.
Global Moran’s I. If the descriptive mapping is most useful for showing where
certain variables are distributed throughout Sub-Saharan, then the inferential mapping is
best served for determining, statistically, if the magnitudes of their values vary from
place to place (McGrew Jr. et al., 2014). This is known as spatial autocorrelation, which
is a method for understanding the dispersion or clustering within single variables, which
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should not be confused with a traditional Pearson’s correlation that tests bivariate
relationships between variables (Getis, 2007). Spatial autocorrelation became popularized
in geographic research following Moran's (1948) questioning as to whether the values of
a variable in one area made it more or less likely to see similar values of that same
variable in a neighboring area. Tikly’s (2001) work, summarized earlier in this article, is
a reminder that some social processes, particularly in education, may generate similar
conditions across neighboring countries sharing colonial-era experiences. Therefore, a
spatial autocorrelation test was an appropriate analysis for understanding if there was any
statistical evidence backing this idea across educational access, birth registration, and
demographic indicators. Furthermore, the dataset for this study lent itself to a Global
Moran’s I test, one of the most common tests of spatial autocorrelation, because it had
over 30 geographic features (i.e. countries), it was on a ratio scale, and the data adhered
to assumptions of normality (McGrew Jr. et al., 2014).
Unlike the choropleth mapping, which required a few key stylistic decisions, the
Global Moran’s I test was performed using a single process in the ArcGIS software
program. This platform allows researchers to use a variety of geoprocessing tools,
manipulating input data into some form of new, often more meaningful, spatial output
(Law & Collins, 2015). In this case, the input data was the same dataset described above,
with six key variables of interest covering the countries of Sub-Saharan Africa. The
analysis itself is a mathematical equation that produces the autocorrelation value, I, as a
quotient of the areas in the dataset (i.e. countries) and their attribute values divided by the
number of spatial joins (i.e. # of contiguous borders between countries) and their variance
(Bolstad, 2016). This value depicts the degree to which variables’ attribute values are
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dispersed (I values approaching -1), random (I values close to 0) or clustered (I values
approaching 1) The output, gained by selecting the ‘Global Moran’s’ option in the
ArcGIS Analysis toolbox, generates an HTML report file that contains the Moran’s I
value, its Z-score, and the p-value for the analysis. Table 5.1 summarizes these values for
all six variables of interest. The results, described in further detail below, were then
assessed using the same significance threshold as Griffin’s (2021a) study, p<0.05. In
short, however, any p-values less than 0.05 resulted in a rejected null hypothesis,
meaning that the variable’s attribute values were not randomly distributed throughout the
study area.
Table 5.1: Moran’s I and p-values for spatial autocorrelation tests of six variables

Variable
Access to Education – Primary
Access to Education – Lower Secondary
Access to Education – Upper Secondary
Birth Registration
GDP per Capita
Rural Population

Moran’s I value
0.38
0.26
0.11
0.13
0.12
0.31

p-value
<0.01
<0.05
0.23
0.16
0.13
<0.01

5.4. Results
5.4.1. Access to Education
The three green-shaded choropleth maps representing access to education across
Sub-Saharan Africa offer several key findings with regard both to the geographical levels
(i.e. regional- or country-levels) and the educational levels (i.e. primary, lower-, and
upper-secondary). At the regional level, a comparative look across the maps shows that
access to education is much higher, generally, across Sub-Saharan Africa at the primaryschool level than at the secondary levels. For convenience, Table 5.2 displays the number
of countries in each equal class of access values across the three education levels. In this
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table, all but six countries at the primary-school level are in the middle to high classes of
educational access, representing 68.84% or greater on the composite access scores.
Conversely, all but six to seven countries at the secondary-school level fall within the
middle to low educational access classes, representing lower than 61.09% or 43.09%
composite access scores at the lower-secondary or upper-secondary levels, respectively.
At the country level, South Africa stood out as the only country in the highest access
class at each level of education. South Sudan, on the other hand, ranked as the only
country lying in the lowest class of access at each educational level. Although these
tabular, cross-map findings are valuable, examining the individual choropleth maps
alongside their respective Moran’s I results uncover even more detailed trends in
educational access.
Table 4.2: Number of countries by choropleth class for each educational level

Variable
Lowest access class
Low-middle
Middle access class
Middle-high
Highest access class

Primary
1
5
8
15
8

Lower
Secondary
6
13
11
6
1

Upper
Secondary
5
14
12
4
2

In Sub-Saharan Africa, access to education at the primary school level
demonstrated a statistically significant clustered pattern (p<0.001). This meant that the
null hypothesis could be rejected, that the spatial distribution of values were clustered,
with a moderate I value of 0.38, and that the result was likely not due to chance. Turning
to the choropleth map, three clusters became visibly apparent. Five countries, colored
yellow, clustered at the southern edge of Africa, representing some of the highest values
of educational access at the primary level. Moving north, the next ostensible cluster was a
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group of eight countries with high primary school access in Central Africa, marked by the
lightest shade of green. Although South Sudan stuck out as the lone country in the lowest
class of primary school access, the next lowest class, displayed in a dark forest green
shade, was clustered in a horizontal pattern across four countries at the northernmost
point in Sub-Saharan Africa. This is a region known as the Sahel, which is a ~4,000km
arc-like belt of land below the Sahara Desert that stretches horizontally across the
continent (Suleiman, 2017).
The lower secondary school level also demonstrated a significant spatial
autocorrelation (p<0.05). Additionally, it too had a moderate Moran’s I value, at 0.25.
Interestingly, despite the smaller I value than primary education level, there were actually
four noticeable clusters of values when looking at its choropleth map. The most
noticeable cluster is the large swath of the Sahel that is depicted in the darkest shade of
green, where five contiguous countries possess the lowest access levels in the entire
region. There are then two clusters of the second lowest access class (dark forest green)
on opposite sides of the region, with seven countries on the western coast and four
countries on the eastern coast. Interestingly, all four countries within the latter cluster
(Uganda, Rwanda, Burundi, and Tanzania) were some of the few countries that decreased
in access by two choropleth classes from the primary school level. Other countries
witnessing this phenomenon included Zimbabwe, Mozambique, and Cote d’Ivoire. In
other words, these seven countries were in the second highest class of educational access
at the primary school level but then fell to the second lowest class at the lower-secondary
level. This is noteworthy in the context of educational transitions and access, which will
be covered in the discussion section of this article. Finally, the last cluster consisted of
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five countries in the central part of Sub-Saharan Africa with moderate (middle class)
levels of educational access.
Unlike the first two levels, access to education at the upper-secondary school
level did not display any significant clustering across Sub-Saharan Africa. The choropleth
map supports this assertion with a much more dispersed set of values across the region.
There is still a single cluster of six countries in western Africa that appear to be clustered;
however, the region as a whole did not demonstrate significant autocorrelation. Notable
other findings from this education level resulted from comparing this map to the lowersecondary map. First, two pairs of neighboring countries (Burkina Faso & Niger and
Central African Republic & South Sudan) remained as countries in the lowest class of
access. Second, Gabon and Tanzania were the only two countries in Sub-Saharan Africa
that witnessed a lower degree of access at each successive level of access. In fact,
Tanzania joined the four aforementioned countries as the five countries in Sub-Saharan
Africa with the lowest access values at the upper-secondary level. After reviewing the
next set of variables, these findings will be discussed in the context of existing
educational research to further investigate access throughout the entire region.
5.4.2. Birth Registration
Birth registration, which was the key explanatory variable influencing this study,
appeared to show no significant evidence of spatial autocorrelation across Sub-Saharan
Africa. Its choropleth map illuminated this dispersion as the values were fairly evenly
distributed throughout the region. In fact, the highest two classes of birth registration
each contained 10 countries and the third and fourth classes contained six and seven
countries, respectively. Only four countries stood out with very low levels of birth
128

registration. Similar to upper-secondary access, however, the birth registration map did
display a few instances where there were neighboring countries with similar values
despite the lack of statistical clustering. First, there is a wide vertical cluster of countries
in the second lowest class of birth registration (dark blue) in central Africa. Second, there
is a thin horizontal, contiguous, layer of countries in the northwestern part of the region
that all fall in the second highest class of birth registration. Finally, the range of attribute
values varies dramatically (see the five classes in the map’s legend), showing just how
different birth registration processes may be functioning across the region.
5.4.3. Socioeconomic and Demographic Variables
The remaining findings allow readers to understand how key explanatory
variables in Griffin’s (2021a) study, used to control for socioeconomic status (GDP per
capita) and geographic setting of each country (rurality), were spatially distributed. GDP
per capita was statistically correlated with access to education in that study, making it
intriguing to examine spatially, especially now that access to education has been
presented above. Based on the Moran’s analysis, it was not found to demonstrate spatial
autocorrelation. Its choropleth map looks almost like one massive cluster, however, as 30
of the 37 countries fell in the lowest class of GDP per capita. On one hand, this highlights
the tremendous poverty levels across the region as well as the vast inequalities in income
distribution. The map effectively brings attention to the low absolute values of GDP per
capita. On the other hand, this also shows one downside of choropleth mapping as it was
not possible to tell if there were pockets of clusters to be found throughout the region.
The rural populations of countries in Sub-Saharan Africa were significantly
clustered at a p<0.05 level. Additionally, the Moran’s I value of 0.31 was moderate. The
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most noteworthy finding, made possible by the choropleth map, was that the most
sparsely populated countries were also mostly landlocked. Conversely, the least rural
countries were those found on the southern and western coasts of the continent. This
should not be surprising given that many large African cities (e.g. Libreville, Lagos,
Dakar, etc.) are all found along the coastline. It is also noteworthy to compare this map
side-by-side to that of the educational access maps, particularly at the two secondary
levels. Doing so will illuminate some key trends in that the countries with the least
educational access are also some of the most rural. This is another benefit as the
statistical correlations were not significant at the 0.05 threshold between these variables
in Griffin’s earlier study, yet the maps still demonstrate at least some degree of existent
relationship. With this in mind, the following discussion section will cover some of the
topical and methodological implications of such findings.
5.5. Discussion
The purpose of this study was to examine the spatial distribution of educational
access across Sub-Saharan Africa as well as some of its possible barriers, like birth
registration, country-level wealth, and rurality. One of the benefits of mixed methods
research, according to Creswell and Plano Clark (2018) is that it enables researchers to
harness the strengths of multiple modalities in an attempt to further explain results and/or
to generate new knowledge on a topic. In this case, it was unsettling that Griffin’s
(2021a) quantitative analysis yielded no statistical relationship between birth registration
and educational access. This was due to the fact that empirical evidence has shown how
birth registration can act as a barrier to accessing social services, like education (Crush &
Tawodzera, 2014; Kindzeka, 2017) or healthcare (Bennouna et al., 2016; Brito et al.,
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2017). In that sense, a spatial analysis was presumed to be helpful as a method for
understanding if any geographical clusters of each variable were similarly distributed,
despite an overall lack of statistical significance between them. The section presented
below discusses how this article was effective dispelling the notion of birth registration as
a region-wide barrier to education while also uncovering some unexpected and unique
results with regard to the spatial distribution of educational access in Sub-Saharan Africa.
5.5.1. Birth registration: Case closed? Not quite.
The most interesting finding stemming from this spatial inquiry into birth
registration, specifically, was that it did not display any instances of country-level
clustering that were similar in spatial distribution with any of the other variables (i.e. the
other five choropleth maps). On one hand, this should not be surprising since Griffin’s
(2021a) quantitative analysis revealed that birth registration was not significantly
correlated with any of the study’s other variables. On the other hand, however, it would
have been noteworthy had any similar patterns between variables emerged, similar to the
way in which rural population and access to secondary education yielded similar
examples of clustering among landlocked countries’ values despite not being
significantly related to one another in Griffin’s prior study. Additionally, it would have
made sense if any mirroring instances of clustering had occurred given Tikly’s (2001)
theoretical framework of shared pre- or post-colonial experience in Sub-Saharan Africa.
Furthermore, it was unexpected that none of the explanatory variables displayed similar
clustering because Bhatia et al.'s (2017) found that wealth and urban/rural inequalities in
birth certificate coverage tend to persist in most low- and middle-income countries, many
of which are found in Sub-Saharan Africa.
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This study’s choropleth map for birth registration may not be particularly
noteworthy on a standalone basis, but it is intriguing when situated amongst one of
UNICEF’s most recent (2019) status reports on the progress of birth registration
indicators worldwide. In this report, a choropleth map for birth registration in Africa
demonstrated a similarly dispersed pattern of values across the continent (p. 17).
Interestingly, the report also presented an identical map but substituted birth certificate
rates instead of birth registration (p. 19). The map then becomes substantially clustered,
with the lowest rates of birth certificates in central and eastern Africa. In fact, the report
suggested that in many of these countries, more than a quarter of registered children lack
a birth certificate due to a variety of reasons, like expensive fees or broken acquisition
processes for obtaining these crucial documents. In fact, the report showed how, on
average, 40% of children in Eastern and Southern Africa are registered but only 22%
have birth certificates.
These UNICEF statistics showing the stark contrasts in birth registration and birth
certificate rates suggest that perhaps it is too early to dismiss a potential relationship
between birth-related civil registration processes and access to state services. Even an
international law review suggests that the human right to birth registration may not
actually extend to include the issuance of a birth certificate, despite an implicit linkage
between the two (Gerber et al., 2011). The presence of ostensible clusters of lowcertificate countries and the mired standards of birth-related civil registration processes is
therefore certainly worth untangling. Assuming one can acquire cross-national birth
certificate data, a logical next step would be to replicate this study to again scan for
spatial clustering alongside possibly related variables, like access to education. This
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would be especially meaningful because, as (Hunter, 2019) asserts, there is divided
academic literature as to whether identity documents (e.g. birth certificates) preclude
those in the Global South from accessing state services or if their deprivation of services
is a function of broader socioeconomic inequalities.
5.5.2. Toward a geography of educational access in Sub-Saharan Africa
This article’s findings pertaining to educational access in Sub-Saharan Africa
underscore the value of spatial analyses as an analytical technique. Rather than discussing
all of the findings presented above, this section will cover those examples that were made
particularly visible from this methodology. In the first example, the descriptive mapping
(e.g. choropleth mapping) of educational access complemented the descriptive statistics
found in Griffin’s (2021a) quantitative analysis. In Griffin’s preceding study, the mean
value of educational access decreased from the primary school to the secondary,
highlighting the declining access with successive education levels. The three choropleth
maps here effectively built on this by showing where these decreases occurred, which
became quite apparent by examining the distribution of values across each of the maps’
five classes. This matters because two key World Bank reports in 2008 were dedicated to
examining the critical factors affecting educational transitions in the region (The World
Bank, 2008), calling for better strategies to address an often-overlooked need for
secondary educational development (Verspoor, 2008). The findings presented in this
article show that little has changed over a decade later, suggesting that perhaps more
serious attention be given to Fredriksen and Fossberg's (2014) recommendations for
substantial investments, augmented with external aid support, to secondary education
systems in the region.
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In the next example, the spatial autocorrelation displayed at the primary level and
its associated choropleth map shed light on low educational access found across the Sahel
region. Despite global and even regional progress toward Sustainable Development Goal
4.1 (i.e. universal primary/secondary education by 2030), clearly the Sahel sub-region,
which covers nine countries in a horizontal band from Mauritania in the West extending
to Sudan in the east, is being left behind (Sissoko et al., 2011; United Nations Children’s
Fund, 2018b). The spatial analysis presented in this article was effective in showing the
significant cluster of Sahelian countries with low primary school access, but this is just a
first step in actually addressing the complex issue at hand. For example, several recent
UN press releases have shown how armed conflict has forced dramatic increases in
school closures throughout the Sahel (A. Ahmed, 2020; United Nations Children’s Fund,
2019b; United Nations Office for the Coordination of Humanitarian Affairs, 2018).
Conflict is likely just one of many confounding issues leading to low access. Griffin’s
(2021a) quantitative findings and Eizenga's (2019) policy paper are reminders that
poverty and rurality, both of which are clearly present in the Sahel, can play a critical role
in determining one’s likelihood of getting a formal education. After all, Shekar et al.
(2016) assert, “Problems with education access, especially in rural areas, begin in
primary school, so the basis for increasing people’s educational opportunities is
compromised when they are very young” (p. 25).
The final example highlighting the benefits of this spatial methodology is the
cluster of four East African countries (Tanzania, Uganda, Rwanda, and Burundi) that
visibly fell by two classes of educational access from the primary- to the lowersecondary-school levels. This finding is noteworthy as it certainly supports a body of
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literature covering the inequities in secondary school access in these East African
countries. In Uganda, Tanzania, and Kenya, for example, low school enrollment was
shown to stem from the opportunity costs of attending school or perceived low returns in
the labor market while the increasing abolishment of school fees has presented greater
opportunities for children to continue learning (M. Oketch & Rolleston, 2007). Research
from Williams et al. (2015) supports this idea in neighboring Rwanda, where even in a
fee-free setting, “hidden costs” of schooling (e.g. exam fees, parent-teacher association
dues, etc.) made secondary school inaccessible to the poorest children. In Uganda,
specifically, implementing universal secondary education policies did not improve access
for boys, perhaps due to some of these similar losses in opportunity costs of school, yet
there were optimistic findings about the improvement in girls’ attendance (Asankha &
Takashi, 2011; Zuze & Leibbrandt, 2011). Likewise, in Tanzania, poor school
infrastructure and inadequate transportation to school could be added to this list of
barriers to secondary school access (Human Rights Watch, 2017). The point here is that
using spatial analyses to identify clusters of areas facing similar issues, combined with a
subsequent look into the possible causes of these issues among the clusters’ component
parts, can be an effective model for building comprehensive and targeted sub-regional
action plans.
5.5.3. Limitations
As shown above, this article revealed a number of credible and significant
findings, yet it managed to do so while working with a limited secondary data across key
variables. Birth registration data, for example, remains limited by many developing
countries’ weak civil registration systems (Bhatia et al., 2017; Mikkelsen et al., 2015;
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Phillips et al., 2018). It is important to keep in mind that the source data behind the
UNICEF and UNESCO databases – the MICS and DHS survey programs – are used to
produce nationally-representative samples for each country, which is then made available
on the respective agency’s data warehouse. Consequently, there is a need for more
accessible disaggregated data across the countries involved in the MICS and DHS survey
programs, which include most of the countries in Sub-Saharan Africa (Gray et al., 2013).
This data could then give researchers a look into the subnational spatial distributions of
social phenomena, as shown through key examples like access to meaningful learning in
Ethiopia (A. Y. Ahmed et al., 2019) or child health inequalities in Sub-Saharan Africa,
broadly (Yourkavitch et al., 2018). Since this article was the first of its kind to examine
these key variables of interest across Sub-Saharan Africa broadly, there is certainly
opportunity for subsequent research at the subnational level.
5.6. Conclusion
This study offered an innovative spatial follow-up to Griffin’s (2021a)
quantitative analysis examining the relationship between birth registration and
educational access in Sub-Saharan Africa. Employing the Global Moran’s I test of spatial
autocorrelation allowed for a deeper assessment of six individual variables to understand
if their values were distributed across the region in any sort of significant pattern(s).
Although birth registration did not demonstrate significant clustering throughout the
region, it opened the door for future research into the distribution of birth certificate rates,
especially when compared to recent UNICEF reports that suggest sub-regional inequities
exist, especially in Southern and Eastern Africa (United Nations Children’s Fund, 2019e).
This could prove useful when situated within Tikly’s (2001) framework of social
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exclusion in Sub-Saharan Africa or compared to Hunter's (2019) investigation of identity
documentation in the Global South. This study’s implications are actually far greater,
however, in terms of advancing a new geography of educational access that would
complement key prior research efforts, notably Lewin (2009) and Majgaard & Mingat
(2012). Comparing choropleth maps of educational access at three levels (primary, lowersecondary, and upper-secondary) showed where transitions between levels resulted in
noticeably lower values of accessibility. Access to education at the primary and lowersecondary levels, specifically, then revealed significant spatial autocorrelation, or
clustering, of low values, especially in the Sahel and East Africa regions, respectively.
These findings, enabled through spatial analyses, therefore simultaneously provided
significant contributions to academic research and development policies.
After producing new knowledge at the intersection of international education and
human geography, this article also opens a door to further inquiry and/or policy
development. It reaped the benefits of mixed methods research, as it stems from a place
of pragmatism, emphasizing tangible recommendations for either researcher or
practitioner audiences (Creswell & Plano Clark, 2018). The spatial component,
specifically, builds on Griffin’s (2021a) earlier study by revealing certain geographical
areas that could be further analyzed to understand the underlying socio-spatial context(s).
In fact, essentially any clusters of countries found on the choropleth maps, particularly in
those with significant evidence of spatial autocorrelation, can be used to drive future
research agendas. In the East African secondary access cluster described above, for
example, there is an opportunity to investigate the social processes or structures creating
such similar values in neighboring countries. Thus, if this study was critical for
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identifying where certain variables clustered together in Sub-Saharan Africa, then
additional research could prove invaluable for understanding why these social processes
manifest themselves, spatially, across the region.
Finally, the choropleth maps themselves could allow policymakers or
development agencies to easily identify outlier countries (like South Sudan, for example)
where immediate aid might be best appropriated. Although this article only
summarized/discussed the key findings, it is the aim of the researcher that fellow
practitioners use the spatial information to continue the quest to reduce socio-structural
barriers to identity processes (e.g. birth registration) or social services (e.g. public
education) in some of these already vulnerable regions. This action-oriented purpose is
similar to the aforementioned research by Ahmed et al. (2019), who used spatial
techniques to direct policy attention toward educational inequalities in Ethiopia.
Following their model (while expanding the scope to a larger geographical area), the
article presented here may allow development agencies to prioritize certain countries or
regions when creating interventions that target the Sustainable Development Goals 4
and/or 16, which call for universal access to quality education or legal identities,
respectively, for all by 2030 (United Nations Children’s Fund, 2017). Thus, it is not too
lofty a goal to presume that the spatial analyses presented here may literally become
maps to better futures for all.
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5.7. Figures

Figure 5.1 Choropleth map of access to education at the primary school level in Sub-Saharan Africa
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Figure 5.2 Choropleth map of access to the lower-secondary education level in Sub-Saharan Africa
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Figure 5.3 Choropleth map of access to the upper-secondary education level in Sub-Saharan Africa

141

Figure 5.4 Choropleth map of birth registration rates across Sub-Saharan Africa
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Figure 5.5 Choropleth map of gross domestic product (GDP) per capita across Sub-Saharan Africa
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Figure 5.6 Choropleth map of rural population percentages across Sub-Saharan Africa
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CHAPTER 6: WHERE’S THE WHERE? THE CASE FOR AN EXPLANATORY
SPATIAL RESEARCH DESIGN (ARTICLE #3)
6.1. Background
Nearly two decades ago, Johnson and Onwuegbuzie (2004) argued in one of the
field’s seminal works that the time had come for mixed methods research to be taken
seriously as a paradigm alongside its elder siblings, quantitative and qualitative research.
That paper stemmed from an apparent newfound need for enhanced empirical integration
despite Maxwell's (2016) later claim that the combination of quantitative and qualitative
research in the natural and social sciences had been occurring for centuries or
generations, respectively. History aside, the aim of this paper is to recognize that a
similar point is in the present, where the time has come to formally welcome spatial
analysis into the mixed methods family. In doing so, this article advances an emerging
opportunity for a mixed methods variant, called an explanatory spatial design, that
crystallizes a place for spatial data strands in mixed methods research (Creswell & Plano
Clark, 2006). A specific variant like this will then aid future researchers with a pragmatic
structure that can build on prior studies where spatial analyses have been used
successfully within mixed methods frameworks to increase understanding of the evercomplex world (Teddlie & Tashakkori, 2006; Yoon et al., 2018). Ironically, in his effort
to “map” the developing landscape of mixed methods, Creswell's (2010) notable
omission of spatial mention leaves geographers excluded from this increasingly valued
field of mixed methods research (McKim, 2017).
The contributions of geographers’ prior efforts in combining their craft with other
methods should not go unnoticed. Examples of relevant, spatially-driven, empirical
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studies, each with dozens of citations, range from using mixed methods to address sociospatial differences in urban gardening (McClintock et al., 2016; Preston & Wilson, 2014)
or combining methods to identify disparities among low-income populations with regard
to transportation services or healthy food options (Shannon, 2015; Shay et al., 2016).
Recognizing this growing utility and employment of spatial analysis tools, geographic
information systems (GIS), and spatial data in applied geographic settings, some authors
have sought to make cases for mixed-methods geospatial approaches (Harbers & Ingram,
2017; Yeager & Steiger, 2013; Yoon & Lubienski, 2017). Furthermore, Brown et al.
(2017) and Jones (2017) offer some of the only comprehensive critical examinations of
spatial analyses within existing mixed methods frameworks, emphasizing validity and
spatial representations, respectively. These two articles are key examples where the
authors placed the greatest priority on a methodological critique. Therefore, they were
influential in developing this paper, which aims first to advance a specific mixed methods
variant while secondarily contributing to an emerging geography of educational policy
(Yoon et al., 2018).
Spatial methods have already begun to carve a place for themselves in mixed
methods research in two distinct ways. The first is called “qualitative GIS,” and could
perhaps be considered a mixed methods variant in its own right considering that there
have already been entire texts advancing it into the fold of mixed method literature (Cope
& Elwood, 2009). As the term suggests, qualitative GIS enables researchers to
incorporate the accounts of individuals’ lived experiences into innovative mapping
approaches in an attempt to solve complex, sociospatial, problems (Jung & Elwood,
2010; Yoon & Lubienski, 2017). A desire to understand communities’ perceptions of
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space, as well as their interactions with or imaginations of it, prompted social scientists to
combine some of the context-rich strengths of qualitative research with the cartographic
approaches for visualizing the lived environment (Baur et al., 2014; Rucks-Ahidiana &
Bierbaum, 2015). In fact, these were several of the theoretical forces behind participatory
GIS, which, after emerging in the 1990s, likely set the foundation for what later became
qualitative GIS (Elwood, 2006). Participatory GIS, like its later methodological cousin
qualitative GIS, became an effective technique for “democratizing” GIS because it
enabled participants to have control over how their experiences with place would be
geographically represented, thereby better informing social processes (Abbot et al., 1998;
Dunn, 2007). As the case study presented later in this article will show, an explanatory
spatial design can accomplish this same objective of enhancing social inquiry and policy.
The second instance where geographic techniques have found a place within
existing mixed methods frameworks, especially in recent years, is in visualizing the
results of mixed methods studies. Dickinson (2010) argued that graphics in mixed
methods research, including a specific eye toward maps, can allow audiences to gain
inferences through the visual itself or through the graphics’ ability to integrate sources.
Creswell and Plano Clark (2018) emphasized the latter when covering advanced
techniques for integrating data strands in a mixed methods study. One of the benefits of
qualitative GIS, coincidentally, is its ability to incorporate narrative, visual, and
sometimes quantitative considerations into comprehensive, yet digestible, visualizations
(Preston & Wilson, 2014). This often means that innovate ways of examining complex
relationships between spatial phenomena can be possible, offering researchers with
exciting new approaches to spatial problem-solving (Yeager & Steiger, 2013). Expanding
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beyond just its visual benefits, Gregory and Healey (2007) remind us that the strength of
geographic information systems lies in their ability to facilitate the creation and analysis
of spatial databases. Building on this aspect of GIS literature, a twofold outlook on GIS
as both a visualization and analysis tool is an important component of the proposed
explanatory spatial design.
Given these two examples’ newfound footholds into mainstream mixed methods
literature, it is time for spatial considerations to form more concrete and rigorous
typologies or variants. This article will advance the need for a specific explanatory
spatial variant to bond together quantitative and spatial analyses in the pursuit of better
sociospatial clarity. It will make the case for such variant by reviewing a case study
where this method was creatively applied to assess the relationship between birth
registration and educational access across Sub-Saharan Africa (Griffin, 2021a; 2021b).
The argumentative strategy here is to break down each of the component parts of this
study to show their unique contribution(s) to this design, thereby unfolding in the
following manner. First, an overview of the research design will provide a general
framework for understanding its specific linear protocol. Next, it will cover the
dichotomous philosophical underpinnings of such pragmatic research. This will naturally
lead into the rationale behind this variant’s specified research questions, giving readers an
idea of precisely why the “where” is an important objective of inquiry. Subsequently, it
will explain how clear case selection criteria must be emplaced to create a synergistic and
logical flow between the quantitative and spatial analyses. Finally, the article makes a
compelling case for the implementation of multivariate cluster analysis as a technique to
integrate the data strands, tying the whole study into one cohesive product. The article
148

will conclude by situating this variant as a peer among other mixed methods designs
while being forthright in its possible limitations.
6.2. Research design: Embracing the sum of its parts
The proposed explanatory spatial design was influenced by one of the core mixed
methods approaches, called an explanatory sequential design (Creswell & Plano Clark,
2018). With nearly identical aims and methodological sequences, the explanatory spatial
variant substitutes a geospatial approach in place of a qualitative one in the latter portion
of the study. It is helpful, then, to begin with an overview of the explanatory sequential
design before advancing the idea of an innovative spatial variant. In sequence, according
to Creswell and Plano Clark, the explanatory sequential design requires researchers to
analyze a quantitative dataset in the first strand, determine which results need further
explanation, analyze a second stage using qualitative data, and interpret the integrated
results. The intent of this design, they argue, is to use the latter qualitative analysis to
explain the mechanisms or processes behind the initial quantitative results. They also
assert, “This design lends itself to emergent approaches in which the second phase can be
designed based on what is learned from the initial quantitative phase” (p. 81). Geographic
information systems (GIS) platforms possess dozens of spatial analysis tools, making
them a natural fit as an emergent means for explaining initial quantitative results.
An explanatory spatial research design is simply a spatial twist of the explanatory
sequential mixed methods typology, much like the way in which spatial autocorrelation
became a “spatial twist” of a traditional correlation analysis (Getis, 2007). The remainder
of this article will use a case study to illustrate how this explanatory spatial research
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design can be effectively implemented. In the case study, Griffin (2021a) first used a
quantitative multiple regression analysis to examine the relationship between access to
education in Sub-Saharan Africa and birth registration rates, while controlling for
country-level wealth (e.g. GDP per capita) and geography (e.g. % of population as rural).
Based on those results, Griffin (2021b) then selected which variables would be included
in a follow-up spatial autocorrelation analysis to understand their distribution throughout
the region. The purpose was to further explain the quantitative results by showing where
there were clusters of low educational access and any significant explanatory variables
within the region. The following notation system summarizes these steps:
QUANrelationship  spatialdistribution
It can be interpreted by using the capital “QUAN” letters to give methodological priority
to the initial quantitative results while the directional arrow and lower case “spatial”
represents the deductive means by which it is used to explain initial results (Creswell,
2010; Morse, 1991).
An explanatory spatial research design is powerful because its main parts – a
quantitative strand and a spatial strand – are almost as beneficial on a standalone basis as
they are when integrated (the latter to be discussed later). Multiple regression, for
example, is highly effective at explaining which variables in a set of factors explain an
outcome, even when holding constant certain predictor variables (Arkes, 2019). In
Griffin’s (2021a) case, readers are able to see exactly how birth registration, GDP per
capita, and rurality make unique contributions to the variance in educational access (or
not). Likewise, the Global Moran’s I analysis, a test of spatial autocorrelation, grants
researchers with key insights into the effect of a variable’s values in one area on its
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values in neighboring areas, therefore providing a measure of clustering or dispersion
(McGrew Jr. et al., 2014). Again, in Griffin’s (2021b) case, this test was conducted on all
six variables of interest, allowing readers to quickly compare the degree to which
variables are geographically distributed in similar patterns. Although it is out of the scope
here to explain all of Griffin’s individual results, Table 6.1 summarizes the key findings
for both data strands to show just how many key points can be found within each strand.
Table 6.1: Key findings of each strand in Griffin’s quantitative (2021a) and spatial studies (2021b)
Data Strand
Quantitative
(Griffin, 2021a)
(Descriptive)

(Inferential)

Spatial
(Griffin, 2021b)
(Descriptive)

(Inferential)

Key Findings

1. Education becomes more inaccessible with each successive level of schooling,
from primary through upper-secondary education.
2. GDP per capita demonstrates the greatest degree of inequality among all six
variables, ranging from $275 (Burkina Faso) to $6,132 (South Africa).
1. Together, the three predictor variables - birth registration, GDP per capita, and
rural population - explained 13.3% of the variance in access to the primary
school (p < 0.05), 37.6% at the lower-secondary level (p < 0.001) and 35.1% at
the upper-secondary school (p < 0.001).
2. The key explanatory variable, birth registration, was not significant in its
relationship with access to education at any education level.
3. The coefficient estimates for rural population % was not significant in any
model at a 5% significance level but it was significant at a 10% level at the
lower- and upper-secondary school levels (p = 0.081 and p = 0.085,
respectively).
4. The coefficient estimates for GDP per capita were statistically significant in
all three models.

1. Access to education is much higher, generally, across Sub-Saharan Africa at
the primary-school level than at the secondary levels.
2. Birth registration displayed a few instances where there were groups of
neighboring countries with similar values despite a lack of statistical clustering.
3. Choropleth map of GDP per capita highlighted the tremendous poverty levels
across the region as well as the vast inequalities in income distribution.
1. Access to education demonstrated statistically significant clustered patterns
(p<0.05) at the primary and lower-secondary levels.
2. Birth registration, which was the key explanatory variable influencing this
study, showed no significant evidence of spatial autocorrelation across SubSaharan Africa.
3. The rural populations of countries in Sub-Saharan Africa were significantly
clustered at a p<0.05 level.
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As Table 6.1 makes clear, the quantitative and spatial strands both yield results
that are descriptive and inferential. In essence, this produces four distinct categories of
findings. The benefit of this feature is that it gives researchers multiple ways of
examining the issue at hand. Additionally, should some of these categories fail to
generate any noteworthy findings, this improves the chances that at least one category
will be of value to the overall objective of the study. For example, in both inferential
components Griffin’s case study, birth registration – the key explanatory variable of
interest – did not significantly contribute to the variance in educational access in the
multiple regression analysis nor did it demonstrate any significant instances of spatial
autocorrelation. This was surprising given the detailed literature review and theoretical
grounds for suggesting that either of those outcomes should not have been the case.
Examining the choropleth map for birth registration rates in Sub-Saharan Africa, or the
descriptive component of the spatial strand, uncovered a consistent pattern with a similar
UNICEF map of birth registration while deviating considerably from the spatial
distribution of birth certificate rates. Therefore, the explanatory spatial design proved
valuable as the two inferential components nearly closed the door on the relationship
between birth-related legal identity and access to education, while the descriptive
mapping opened the door to a clear pathway for future research.
Another key feature of an explanatory spatial design is the practical value of
explaining quantitative findings with subsequent geospatial techniques. Determining
where and how the social phenomena of interest manifest over space is a logical next step
in geographic research processes and is especially valuable for identifying certain spatial
processes (McGrew Jr. et al., 2014). In fact, this type of geographic discovery is quickly
152

becoming much more useful across the social sciences as its applications are plentiful
across academic disciplines, such as healthcare, business/marketing, education, and
environmental justice, to name a few (Ballas et al., 2017). In that sense, Griffin’s spatial
findings (2021b) illuminated both individual outlier countries, where UNICEF or
UNESCO could apply essential development aid to improve access to education, and
clusters of countries, where researchers might need to pursue additional insight into their
accessibility issues. Interestingly, though a previous argument praised the standalone
value of each data strand, consider them here without one another. Absent the initial
quantitative results, the spatial findings likely would not have brought attention to the
effects of certain explanatory variables, such as rurality, on access to education. This
would leave the aforementioned humanitarian organizations without a comprehensive
outlook on the situation at hand for a particular geography. Conversely, without the
spatial findings, interested parties would need to scour a raw data table to determine
which countries are in most need of better policies or more in-depth research.
The sum of the quantitative and spatial parts in an explanatory spatial research
design is clearly a comprehensive account of the statistical relationships and geographic
distributions behind complex social phenomena. The intent and strength behind this
design is for the latter to further explain the former in a logical, straightforward manner
(Creswell & Plano Clark, 2018). In pursuit of such an objective, the strands will likely
complement one another while offering valuable insight in their own right. Later in this
article, the advancement of an explanatory spatial variant will be driven home by
demonstrating how the mixed methods integration will make the study greater than the
sum of these parts. In the interim, however, this article asserts that the philosophical
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perspectives, research questions, and case selection criteria are all intricate factors that
must be evaluated when considering the employment of an explanatory spatial design.
6.3. Philosophical foundations: Giving space a place
When it comes to the philosophical underpinnings of an explanatory spatial
variant, it is best to once again follow Creswell and Plano Clark’s (2018) direction and
consider using multiple philosophical assumptions to fit the differing strands of data in a
sequential research design. Although methodological or philosophical purists might point
out the inherent tensions or contradictions in such an approach, others argue that
dialectical pluralism builds a paradigmatic setting that is both richly theoretical and
logically practical (Greene & Hall, 2010; R. B. Johnson, 2017; Tashakkori & Teddlie,
2010). Unpacking this philosophical jargon could in and of itself lead to entire
discussions outside of this article’s scope. To avoid such endeavor, this sub-section
recognizes that adding a spatial twist to the explanatory sequential research design is best
suited for a pluralistic approach based on the practical and just nature of spatiality in
social science research. Human geographers, particularly with the increasing popularity
of quantitatively oriented spatial analysis tools, have resorted to adopting pluralistic
approaches as they assess the nature of spatial realities and knowledge production (Poon,
2005). These emerging spatial constructs have also brought more attention to the power
of GIS in producing conceptions of space that have a solid place among mixed methods
literature (Giordano & Cole, 2018). Thus, an explanatory spatial design enables
researchers to draw benefits of pragmatist and postpositivist philosophical assumptions,
as shown in the corresponding theoretical framework for this design (Figure 6.1).
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Figure 6.1 A theoretical framework highlighting the dialectical pluralism associated with an
explanatory spatial research design

Pragmatism is an ideal worldview to incorporate spatiality because it enables
researchers to embrace a problem-centered perspective in producing socially useful
knowledge (Creswell & Plano Clark, 2018; Yvonne Feilzer, 2010). Space, in human
geography and the social sciences, is inclusive of theoretical, conceptual, and practical
applications for understanding the lived experiences of those in the world around us
(Ballas et al., 2017; Dixon & Jones, 1998; Tuan, 1979). This philosophical assumption
led to Griffin’s case study in Sub-Saharan Africa, as his motivation for undertaking the
research was a practical need to understand a problem that he witnessed firsthand in
Cameroon, where birth registration acted as a barrier to secondary education.
Unexpectedly, his quantitative analysis did not yield any significant relationship between
birth registration and educational access beyond Cameroon. According to Mertens et al.
(2010), however, quantitative data does not always reflect observed phenomena on the
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ground, often forcing international development organizations to adopt mixed methods
for deeper analyses as a matter of practice. Conversely, Ballas et al. (2017) also argued
that although objects may not always require a perfect representation in GIS, they still do
have a true geographical footprint in terms of location, area, and shape. Therefore,
because quantitative and spatial strands can reveal multiple realities, from an ontological
perspective, pragmatism was an ideal philosophical worldview for determining which is
best suited for the research question(s) at hand (Creswell & Plano Clark, 2018).
An explanatory spatial research design is also fitting for epistemological
pluralism, as researchers focus on “what works” to solve a problem (e.g. pragmatism)
while maintaining a postpositivist emphasis on distance and impartiality (Creswell &
Plano Clark, 2018). Distance is arguably the most common spatial characteristic as many
research problems across the social sciences seek an understanding of how nearby
phenomena relate to one another (Ballas et al., 2017). This can be seen in a popular
discussion of spatial theory, or “grid epistemology,” where Dixon and Jones (1998)
argued that spatial considerations are necessary for, “…locating and segmenting a
complex, relational, and dynamic social reality” (p. 251). In Griffin’s (2021) case study,
his approach for understanding the dynamic social reality was a cross-national one,
allowing for an analytical differentiation between country-specific particularities and
socio-structural regularities across Sub-Saharan Africa (Kohn, 1987). Accomplishing this
task required datasets from United Nations sources that had established rigorous quality
standards for including consistent household survey information in their databases
(United Nations Children’s Fund, 2020a; United Nations Educational, Scientific and
Cultural Organization, 2020c). In other words, the researcher critically relied on
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impartiality as a practical mechanism for ensuring that he could gain a trustworthy look
into the complex research questions of interest (Creswell & Plano Clark, 2018). So,
though not all cases will need the specific combination of pragmatism and
postpositivism, the key point here is that an explanatory spatial design benefits
tremendously from a paradigmatic pluralism that offers an effective combination of
flexibility and rigor.
6.4. Research questions: Where is the where?
Mixed methods research questions, according to Plano Clark and Badiee (2010),
are often generated from the researcher(s)’ worldviews and are influenced by their
communities of practice. This makes the topic of research questions a natural next step in
evaluating the pragmatic nature of an explanatory spatial research design. However, just
as Gregory et al. (2015) recognized a need to define appropriate research questions in the
rapidly developing research field of spatial humanities, there is a need here to understand
how research questions can best lead to meaningful pursuits of spatial inquiry. After all,
nowhere in Creswell and Plano Clark’s (2018) detailed review of mixed methods
research questions do they recognize the need to ask “where” in explaining the
intersections of mixed methods data strands. This is noteworthy, as Getis (2008) showed
several ways in which spatial analysis techniques (specifically, spatial autocorrelation)
can address various research questions, ranging from understanding temporal
autocorrelation to the explicit examination of spatial effects. He recognized that
questioning “spatial relations,” or the relationships among geographic units, was a key
concept that could aid researchers in the natural and social sciences in understanding
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distance-related effects like cost, effort, friction, and decay effect. To that end, Griffin’s
case study provides one example of how spatiality can be included in a set of mixed
methods research questions to effectively lead readers into understanding the process of
explaining initial quantitative results with subsequent spatial analyses.
Interestingly, none of Griffin’s research questions directly ask “where” certain
phenomena exist, yet all three of them contain an inherently spatial component (see Table
6.2 for a list of his research questions). As Creswell and Plano Clark (2018)
recommended, he included one research question for each data strand (i.e. quantitative
and spatial) and a third explicitly spatial question. The first question asked about the
relationship between birth registration and educational access across the countries of SubSaharan Africa. Although this is a quantitative question, the defined study area (e.g. SubSaharan Africa) gives readers critical insight into the geographic unit of interest. Thus, a
natural next step, from a human geographer’s perspective, is to understand how the
spatial distribution of these variables are represented throughout the study area to
determine which areas might explain the relationship(s) found in the first question. The
second question, then, asked if there was a non-random distribution of these variables in
the region, which alluded to a null hypothesis where there the variables of interest are
randomly dispersed throughout the area. This question therefore helps researchers
examine where there might be statistically significant clusters of countries for each
variable. Finally, the mixed methods question aims to pair the data strands by addressing
the extent to which the latter spatial results help to explain the initial quantitative results.
So, while the word, “where,” is not literally necessary in any question, the underlying
assumption is that had a significant relationship existed between birth registration and
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access to education, then practitioners, like UNICEF, could have quickly understand
which clusters of countries might be contributing to such a result. Furthermore, the
research questions will inevitably change from study to study, but those questions
guiding Griffin’s case study offer valuable insight into the multi-purposed questions that
an explanatory spatial research design can aim to address.
Table 6.2: Research questions for each strand in Griffin’s (2021) explanatory spatial research design

Data Strand
Quantitative

Research Question
Is there a relationship between birth registration and
educational access across the countries in Sub-Saharan
Africa since 2010, while controlling for GDP per capita
and rurality?

Spatial

Is there a non-random pattern in the spatial distribution of
birth registration, GDP per capita, rurality, and educational
access across countries in Sub-Saharan Africa since 2010?

Middle Methods

To what extent does the spatial distribution within birth
registration, other socioeconomic or geographic variables,
and educational access help explain the relationship
between them in a cross-national study across countries in
Sub-Saharan Africa since 2010?

6.5. Case selection: Choosing with purpose
Another individual component of an explanatory spatial research design worthy of
its own review is the case selection process that occurs between the first and second data
analysis stages. Koivu and Hinze (2017) argue that case selection is a key component of
mixed methods research, yet they also acknowledged that researchers need to be more
transparent in the techniques or strategies they choose to bridge this gap between data
strands. Likewise, Ivankova et al. (2006), while focusing specifically on an explanatory
sequential design, recognized the significance of case selection between stages. However,
they asserted that there was little evidence of established guidelines for researchers to
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follow when attempting to proceed with such methodological decisions. There were even
fewer case selection processes when incorporating spatial tools into mixed methods
studies until Ingram and Harbers (2020) advanced two strategies for taking spatial
considerations into the case selection decisions. This section therefore aims to build on
their detailed framework by sharing a case selection process in an explanatory spatial
design. It will deviate from the preceding sections, which emphasized the need for the
design itself, by reviewing Griffin’s (2021) case selection criteria as a model for
implementing a clearly articulated roadmap that explains the transitions from quantitative
analysis to spatial analysis.
Choosing which cases from the initial quantitative strand to include in the
subsequent (in this case, spatial) strand can occur in a few ways. In some cases, not all
confirmatory, explanatory, or exploratory analysis criteria meant for the second data
strand can be specified in advance (Nastasi et al., 2010). In these cases, a key purpose of
the sequential design is to understand what the initial results are indicating, which will
then enable the researcher to more specifically design the secondary data strand.
Although this can sometimes have administrative challenges when it comes to
institutional review processes (Creswell and Plano Clark, 2018), mixed methods
researchers often face logistical constraints that make this choice the best option (Koivu
& Hinze, 2017). In other cases, researchers determine which results will be explained in
the latter analysis stage by deciding ahead of time how significant results, non-significant
results, outliers, and/or group differences will be used to refine or guide the sequential
stage (Creswell and Plano Clark, 2018). Seawright (2016) argued that methodological
literature often focused on researchers’ tendency to select cases based on the
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characteristics of dependent variables and instead advanced case selection strategies
based on the extreme values found within a study’s key independent variable(s).
Emphasizing the former, Ingram and Harbers (2020) argued that identifying geographic
clustering of outcomes enables one to understand if the their outcomes defy other
regional spatial patterns.
These two strategies influenced Griffin’s (2021) case study in the sense that he
placed an emphasis of case selection based on which regression models contained
significant results across its independent variables while also examining the dependent
variables using a follow-up spatial autocorrelation (see Figure 6.2). Statistical
significance need not necessarily always be of key importance in a study (Arkes, 2019),
though it made logical sense to include in Griffin’s model. In the quantitative analysis, he
employed three multiple regression models with birth registration, rurality, and GDP per
capita as predictor variables and access to education composite measures at three
educational levels as the dependent variables. Any model consisting of statistically
significant relationships among any variables would result in all variables from that
model being included in the subsequent spatial analysis (see criteria #1). The spatial
autocorrelation tests were intended to identify significant clusters within each variable to
help explain how the social phenomena occurred over space. Another case selection
process occurred after this step as well, as any variables demonstrating statistically
significant clusters would then be included in the final integration phase (see criteria #2).
The purpose here was to determine if any of these variables clustered in concert with one
another in hopes of uncovering a deeper understanding of the relationships both within
and between variables.
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Figure 6.2 Case selection process for Griffin’s (2021) explanatory spatial research design

6.6. Integration: Greater than the sum of parts
As the previous sections have shown, an explanatory spatial research variant
contains many component parts, each with their own value added to the overall strength
of such a design. The culminating point of this article is that the final phase in this design,
particularly the integration of quantitative and spatial factors, will provide unquestionable
value to a researcher’s inquiry into sociospatial phenomena. In one of the early editions
of the Journal of Mixed Methods Research, O’Cathain et al. (2007, p. 60) recognized the
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“considerable potential” of integration during the analysis stages of mixed methods
studies after reviewing how few researchers had covered the topic up to that point.
Although there is considerable opportunity for mixed methods integration with the rapid
acceleration of computer technologies (Bazeley, 2010), there has still been disagreement
over the utility of these efforts. On one hand, critics assert that integration is leading to
“diffraction,” where the study becomes interrupted or splintered (Uprichard & Dawney,
2019). On the other, these technologies, like “geo-referencing,” are said to contribute to
“richness,” or enhanced analytic density, according to (Fielding, 2012). An explanatory
spatial design certainly leans toward the latter, as it “achieves integration” by merging
carefully selected variables (i.e. through case selection processes described above) using
a GIS platform (Fetters et al., 2013).
One method for integrating data in an explanatory spatial research design is
through a multivariate cluster analysis. Whereas the quantitative strand allows one to
identify statistical relationships between variables and the spatial strand helps illuminate
the spatial distributions within the variables, a multivariate cluster analysis can
effectively merge the two. A cluster analysis, according to Shaban et al. (2010), “…seeks
to classify homogeneous subgroups of cases in a population by minimizing the Withingroup and maximizing Between-group variations” (p. 1786). One goal here might be to
understand if any variables cluster in concert with one another over a certain
geographical space. Multivariate clustering using GIS has been useful in some examples
of prior research, where scientists needed to understand landscape patterns (Long et al.,
2010), solve geologic problems (Parks, 1966), and examine water pollution variations
(Shaban et al., 2010). Furthermore, these are situated within a larger body of literature
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highlighting the efficacy of multivariate methods in geospatial analyses (Marquinez et al.,
2003; Shan et al., 2013; Srivastava et al., 2012). There is therefore sufficient evidence
here that multivariate spatial analysis allows researchers to effectively analyze, visualize,
and interpret the spatial relationships within and among multiple variables. Griffin’s case
study is an example of the potential for this technique when applied to an explanatory
spatial design.
This article offers three useful ways in which the variables could be integrated in
a GIS-based multivariate clustering analysis based on the datasets described in Griffin’s
quantitative and spatial articles (2021a and 2021b, respectively). ArcGIS Pro’s
Multivariate Clustering tool was employed here because it determines the most natural
clusters in the dataset, where the features within each cluster are as similar as possible
while also maximizing differences between the clusters themselves (Esri, n.da). It does so
by using a k-means algorithm, which separates the data into k clusters based on
minimizing the distances between the sum of squared errors and the mean of each cluster
(Eghtesadifard et al., 2020; Jain, 2010). It is important to note that there are many ways
by which the researcher can define the k number of clusters for use in their multivariate
analysis (Chiang & Mirkin, 2010; Pelleg & Moore, 2000). The key point, though, is that
it is up to the researcher to input the number of clusters to tell the GIS platform how to
run its analysis. In this case, each of the three models that will be described below were
broken into five clusters. The purpose of this decision was to ensure methodological
consistency among each model presented here as well as the choropleth maps presented
in Griffin’s (2021b) spatial analysis article. In theory, this should allow readers to more
easily identify trends across the differing clustered approaches.
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The first way that a multivariate cluster analysis could be useful for Griffin’s
(2021) study would be to continue with the natural evolution of its sequential design
based on the selection criteria outlined in the previous section. In this example, the
selected variables would be those that demonstrated statistically significant instances of
spatial autocorrelation – access to primary school, access to lower secondary school, and
rural population percentage (see Figure 6.3). As mentioned earlier, the purpose here
would be to determine if these variables relate to one another in any sort of visibly unique
spatial pattern. In other words, it would be interesting to see if the values among these
variables cluster with one another in the same way as they clustered within themselves.
As the multivariate cluster box-plot and corresponding map show, there are two obvious
inverse relationships when it comes to access to education at both the primary and lower
secondary levels (see blue line #1 and purple line #5). In these cases, three countries with
the highest average levels of access to education are also countries with the least rural
populations, and, conversely, four of the Sahelian countries with the least accessible
education systems are also the most rural. Interestingly, the three middle clusters on the
box-plot (lines #2 – 4) do not demonstrate the same patterns of inverse relationships as
the other two. This is perhaps why there was not a statistically significant relationship
among these variables during the initial quantitative data analysis strand despite the fact
that there are some seemingly related instances of educational access and rurality.
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Figure 6.3 Multivariate cluster analysis #1 with choropleth map and associated box-plot. Analysis
included only the variables meeting case selection criteria following Griffin’s (2021b) spatial analysis.
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The second option in which a multivariate cluster analysis could be useful in this
case would be if the researcher subjectively chose the variables based upon the key
themes of their study. In Griffin’s case, he was most interested in the impact of birth
registration on educational access at the primary, lower-secondary, and upper-secondary
level and therefore selected these four variables (see Figure 6.4). This option uncovered
two noteworthy, clustered relationships among the four variables. First, the four countries
with above-average access at each educational level (see the red line #2) also displayed
significantly higher birth registration levels than any other cluster. If not careful, one
might conclude, then, that birth registration has a positive relationship with educational
access based on this trend alone. This leads us to the second noteworthy relationship,
depicted in green (line # 3), where the cluster of Central African countries with well
below-average birth registration levels were actually some of the countries demonstrating
average levels of educational access within this dataset. This is useful information, then,
as it helps to confirm the other findings in Griffin’s mixed methods study, where the
quantitative strand found no significant relationship between birth registration and
educational access (2021a) nor did these variables demonstrate any significant spatial
clustering in concert with one another (2021b). Although there is some methodological
tension over the employment of confirmatory motivations in mixed methods studies, it
was helpful here to triangulate the findings from the quantitative and spatial strands
(Small, 2011). Therefore, if the first option was useful in an explanatory way, then this
option is perhaps best suited as a confirmatory one.
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Figure 6.4 Multivariate cluster analysis #2 with choropleth map and associated box-plot. Analysis
included selected variables of interest in Griffin’s (2021a; 2021b) explanatory spatial study.
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Figure 6.5 Multivariate cluster analysis #6 with choropleth map and associated box-plot. Analysis
included all variables in Griffin’s (2021a; 2021b) explanatory spatial study.

The third and final option that shows the benefit of multivariate cluster analysis in
a comprehensive manner, where the researcher might include all variables included in the
study. The purpose here would be to understand how all of the variables might cluster
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together over the space within the study area. In this case, Griffin could include the four
variables described in the preceding paragraph plus his other two explanatory variables,
GDP per capita and rurality, for a total of six variables (see Figure 6.5). When looking at
the variables this way, one could say that a trend, in general, is that countries with higher
educational access have higher birth registration rates, are wealthier countries, and are
demographically less rural (and vice versa). This appears to be the case for the red,
orange, and purple lines on the boxplot (#2, #4, and #5, respectively). The blue and green
countries therefore offer noteworthy findings as they deviate from these trends when it
comes to birth registration. From a pragmatic standpoint, then, these offer opportunities
for further research, as a comparative analysis among these countries might be beneficial
for understanding underlying phenomena contributing to these trends.
The intent of integration is central to a mixed methods study and often differs
depending on the research design or mixed methods typology (Creswell & Plano Clark,
2018). In an explanatory spatial design, integration is well suited for a cluster analysis
because, according to McGrew Jr. et al. (2014), such an approach is always descriptive in
nature. This offers researchers maximum flexibility for addressing their research
problem(s) and the integration is dependent upon the study’s guiding purpose. For
example, returning to the focus on research questions from the preceding section,
Griffin’s (2021) mixed methods research question asked, “To what extent does the spatial
distribution within birth registration and educational access variables help explain the
relationship between them?” The short answer is that it depends. It is likely dependent
upon the needs of the individual conducting the research. Look at the three
aforementioned cluster approaches to illuminate this argument. A methodologist might be
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interested in the first model to understand if the sequential flow of the design yielded any
unexpectedly different results from an approach where each strand was considered on a
standalone basis. The second model might be more suited for a researcher strictly
interested in the spatial relationships among key variables, or in this case, birth
registration and educational access. The third model might be best for an international
organization, like UNICEF, as they try to determine practical solutions to educational
barriers. Moreover, the bottom line is that this integrative step proves to be much more
valuable than simply the sum of a quantitative strand or spatial strand in an explanatory
spatial design.
An explanatory spatial design with an integration that is greater than the sum of
its strands is one where clear meta-inferences are presented. A meta-inference is
essentially an integrated conclusion, theoeretical statement, narrative, or other type of
understanding that is gleaned from the inferences among its component strands
(Tashakkori & Teddlie, 2008; Venkatesh et al., 2013). Meta-inferences can be affected by
a number of design issues, ranging from the sequencing of phases to the paradigmatic
setting, requiring the mixed methods researcher to be very clear in articulating these
conclusive meta statements (Onwuegbuzie & Johnson, 2006). To clearly articulate this in
an explanatory spatial setting, the article here proposes a meta-inference template in a
similar fashion as Creswell and Plano Clark’s (2018) example purpose statements, where
the audience can fill in the underlined prompts. As such, a researcher could adopt a metainference statement, such as:
The [phenomenon, relationship, etc.] between [these variables] was observed to be
located [in this spatial pattern] within [the units of this geographical space]. Therefore,
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[these stakeholders] could effectively [take this action] as result of this explanatory
spatial research.
This statement is powerful as a meta-inference for two reasons. First, it clearly draws the
inferences from both strands in a sort of “what-where” manner. The quantitative strand
shows what was observed (i.e. a relationship between variables) and the spatial strand
showed where it transpired (i.e. the geographic distribution). Second, this reiterates the
pragmatic nature of an explanatory spatial design, as the research is intended to provide
researchers and/or policymakers with tangible and actionable direction.
6.7. Conclusion
The purpose of this article was to advance the need for an explanatory spatial
mixed methods design. Nastasi et al. (2010) suggest that updating typologies or common
mixed methods designs is a positive sign of innovation within the field and that doing so
will help inform future methods, pedagogy, and communication. In that sense, this article
was partly an argument in favor of a new variant and partly a roadmap for implementing
it. Deconstructing its component parts allowed for a thorough case to be made in terms of
its benefits to researchers (see Table 6.3). The article traced Griffin’s study, the first
specifically named explanatory spatial design, to show how key decisions were made
within each step of the design to help audiences better understand the relationships
between birth registration, demographics, and educational access across Sub-Saharan
Africa. It showed how spatial methodologies can be especially useful for explaining
initial quantitative results, both theoretically and empirically. It also demonstrated how
deliberate research questions may force the researcher to be creative and deliberate in
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selecting cases as they proceed with each step of the sequential design. Finally, this
article placed an emphasis on the integration technique, also seeking to advance the use
of multivariate cluster analysis as a beneficial and pragmatic approach for tying the
research together into a meaningful whole.
Table 6.3: Benefits of each design component of an explanatory spatial research design

Component

Research Design

Philosophical Pluralism

Research Questions

Case Selection

Integration

Benefit to Researcher
1. Allows researchers to explain the initial quantitative results
by inspecting where there might be clusters of each variable
within a study area
2. The study’s main parts – a quantitative strand and a spatial
strand – are almost as beneficial on a standalone basis as they
are when integrated
3. Both data strands can yield noteworthy results that are
descriptive and inferential, essentially producing four distinct
categories of findings
1. Enables researchers to reap the benefits of both pragmatist
and postpositivist philosophical worldviews and assumptions
2. Pluralism encourages researchers to focus on “what works”
to solve a problem (e.g. pragmatism) while maintaining a
postpositivist emphasis on distance and impartiality (Creswell
& Plano Clark, 2018)
Adding a research question about space (i.e. asking ‘where?’)
fills a gap in literature mixed methods research questions
(Creswell & Plano Clark, 2018; Gregory et al., 2015)
Clarity and specificity in the case selection process can help
minimize threats to validity in a sequential research design
(Creswell & Plano Clark, 2018), which is a particular concern
found within geographic studies
1. Well suited for a cluster analysis because, according to
McGrew Jr. et al. (2014), such an approach is always
descriptive in nature, offering researchers maximum flexibility
for addressing their research problem(s)
2. A multivariate cluster analysis can be tailored to fit the
study’s guiding purpose and therefore could be confirmatory,
explanatory, or exploratory
3. Meta-inference template allows researchers to wed
inferences from both strands with practically-oriented
direction.
173

As you can see, the explanatory spatial design is certainly loaded with pragmatic
and postpositivist benefits, but, like any novel idea, should be broached with a word of
caution. Until the variant is tested in practice, its limitations will remain veiled. In the
interim, a brief look into two existing validity concerns with mixed methods research can
potentially set future researchers up for a successful implementation of such a design.
First, Creswell and Plano Clark (2018), argue that validity can be threatened in an
explanatory sequential design (i.e. the typology most similar to that presented in this
paper) by failing to identify key quantitative results in need of further explanation, failing
to explain surprising results found in the subsequent analysis strand, and failing to
connect the two strands with one another. Each of these issues were addressed earlier in
this article, particularly in the sections on case selection and spatial integration, and could
offer researchers guidance in connecting quantitative and spatial strands together.
Second, researchers should be careful of forming meta-inferences based on their
explanatory spatial designs (Onwuegbuzie & Johnson, 2006), as the design is primarily
intended to understand the sociospatial context(s) and nuances of the specific study area
itself. In fact, Griffin (2021a; 2021b) avoided the need to exhaust any of Onwuegbuzie
and Johnson’s (2006) legitimation types related to meta-inference by simply clearly
stating that his purpose was to understand barriers to educational access in Sub-Saharan
Africa, specifically. It is important to make this distinction, as many researchers without
familiarity of spatial techniques may be left grasping for generalizability, or external
validity, especially given its deep ties to quantitative research (Polit & Beck, 2010).
Although researchers can address threats to mixed methods validity through case
selection, multivariate integration, and naming the study’s specific context(s), there may
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still be validity or reliability limitations due to the geospatial nature of the design.
Researchers have argued that validity can be a challenge when investigating geographic
problems, often due to difficulties in expressing complex spatial concepts with existing
technologies or inconsistencies in international data quality (Brown et al., 2017; McGrew
Jr. et al., 2014). Others have attempted to make GIS techniques more accessible or usable
in response to some of these concerns (Ballatore et al., 2020). There is an opportunity,
then, to begin to address these validity considerations by integrating them within existing
mixed methods validation frameworks, like that presented in Dellinger and Leech's
(2007, p. 322) guide for addressing validity in traditional qualitative and quantitative
settings. Here, they present a framework inclusive of construct validation elements for
each mixed methods data strand, including categories for design quality, interpretive
rigor, legitimation, and measurement-related reliability. Therefore, one logical next step
in the advancement of an explanatory spatial design would be to create a similar
validation framework inclusive of spatial techniques once they have been assessed in
empirical settings beyond Griffin’s (2021) lone example.
With a well-planned implementation strategy that surpasses the sum of its parts
while accounting for its limitations, an explanatory spatial research design has the
potential to make several contributions to mixed methods research. First, and foremost, it
is a new variant that offers researchers with a unique way of expanding their
methodological tool kits to solve complex sociospatial problems. Second, it contributes to
the growing lists of mixed methods designs, made by and for educational and social
science researchers, which has a notable omission of any spatial reference (Creswell &
Plano Clark, 2018; Teddlie & Tashakkori, 2006). Third, it builds on the work of
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Qualitative GIS by highlighting its applicability to solving real-world social issues,
thereby continuing to highlight the utility of geographic considerations in mainstream
mixed methods literature (Brown et al., 2017; Cope & Elwood, 2009; Jung & Elwood,
2010; Shay et al., 2016). Finally, from a philosophical perspective, the explanatory
spatial design, at least in Griffin’s (2021) case, supported literature advocating for a
dialectical pluralism, suggesting that pursuing methods that overcome the inherent
tensions between worldviews, like pragmatism and postpositivism, can actually generate
rich new knowledge (R. B. Johnson, 2017; R. B. Johnson & Onwuegbuzie, 2004;
Onwuegbuzie & Frels, 2013). After all, the social world around us, from our
communities to the way we communicate to our societal structures, is full of inherently
spatial interactions (Ballas et al., 2017). Therefore, an explanatory spatial design is one
way, until proven ineffective, to conceptualize and begin to understand these evercomplex sociospatial relationships.
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